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F or nearly five years the Netherlands was occupied by the Germans 
and all import and export trade with the rest of the world was 
stopped. This densely populated country became dependent entirely upon 
home-produced food supplies, except for some food stocks accumulated 
before the war through the foresight of her government. A detailed 
account of how this situation was met is given by Dr. M. J. L. Dols and 
D. J. A. M. van Archen in “Food Supply and Nutrition in the Nether- 
lands During and Immediately After World War II.” By strict control 
of all available foods and planned production, it was possible to provide 
fairly adequate amounts of calories until 1944, but a shortage of fats and 
protein led to a gradual shift to high carbohydrate diets. After the Allied 
advance in Europe in 1944 had cut off Western from Eastern Nether- 
lands, food distribution was disrupted completely, and starvation diets 
were the common lot of the urban populations of Western Holland. 
This critical period caused the death of many persons and many others 
suffered from severe nutritional diseases. 


The interpretation of any observed hemoglobin value is made difficult 
by the fact that the hemoglobin content of the blood is very unstable. 
Considerable variation within one day has been reported, as well as large 
fluctuations from day to day. For a large number of persons, data on 
diurnal changes in hemoglobin have been collected by Dr. Walter Wil- 
kins and Ruth Blakely who present these data in “Preliminary Observa- 
tions on Diurnal and Other Variations in Hemoglobin Levels.” For 651 
persons, mostly school children, morning values were on the average 0.6 
gm. higher than afternoon values, and 83 per cent of the subjects had 
higher values in the morning. For twenty-one girls examined five times 
during one day, highest values were obtained in the morning, lowest 
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values between two and five in the afternoon, and in the evening the 
values increased but continued lower than morning values. Determina- 
tions made before and after strenuous exercise for 144 boys gave higher 
values after exercise. 


The effect of prolonged iron therapy on the hemoglobin levels of a 
small group of women who were found to have slightly subnormal values 
at one examination is reported in “Hemoglobin Variations for Women 
on Iron Therapy for Thirty-One Months” by Dorothy G. Wiehl and 
Dr. H. D. Kruse. For comparison, hemoglobin values were observed 
over the same period for other women with low values and for some 
with normal average values and with higher than average values, Three 
months after therapy was begun, the average hemoglobin levels for the 
therapy group and for the low hemoglobin nontherapy group were 
somewhat higher than at the first exaruination; but both groups showed 
the same increase, and continued to be alike throughout the remaining 
twenty-eight months, Neither the therapy nor the nontherapy group 
reached an average level at any time equal to the average for women 
with higher initial values. 


The economic development of British South Africa, and especially of 
the Union, has been largely contingent upon the utilization of unskilled 
native labor. Yet social and territorial segregation has prevented the 
development of a permanent industrial labor force. Rather, natives are 
recruited on a temporary basis for work in the principal labor centers. 
In a paper “The Migration of Native Laborers in South Africa” Dr. 
Wilbert E. Moore indicates the approximate amount and turnover of 
the migratory labor drawn from predominantly native areas within the 
Union and from beyond the national borders. This migratory movement 
is interpreted in terms of the peculiar institutional conditions that require 
such a labor system. 
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FOOD SUPPLY AND NUTRITION IN THE 
NETHERLANDS DURING AND IMME- 
DIATELY AFTER WORLD WAR II’ 


M. J. L. Dots, M.D. ano D. J. A. M. van ARCKEN 


INTRODUCTION 


NE of the most important social problems both from a 
() health and from an economic point of view is the 
public health. This is readily seen from the fact that 
impaired health goes hand in hand with an increase in the rate 
of illness by which the economic production of a nation is re- 
duced, whereas, in the opposite case, good health can enlarge the 
labor achievements and consequently the economic output. 

It may be accepted now as a generally known fact that good 
and sufficient nutrition is one of the most important factors for 
the maintenance and promotion of public health. Those who 
may doubt on this point may be referred to the consequences of 
malnutrition in a large part of the world and of undernutrition 
in the various countries during the German occupation. 

Good and sufficient nutrition, however, can be maintained 
only if the country itself can produce the necessary food or if it 
is able to supplement its domestic production to the required 
level and to the desirable composition (Jansen) (1). 

These facts apply not only under normal conditions but also 
during a war or occupation of a country. Therefore, a brief his- 
tory of the nutrition of the Dutch people during the second 
World War is of interest not only to those who were living in 
the Netherlands during the German occupation, but also to 
many others abroad, who have followed our fight against star- 
vation from a great distance. 

Many people in our densely populated country lost their lives 


* From the Ministry of Agriculture, Fisheries and Food, The Hague Food Division. 
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in this struggle against famine; many others undoubtedly have 
had their health impaired. Nevertheless, during these very diffi- 
cult years the Dutch food authorities did all they could to pre- 
vent total starvation with its serious consequences. 

In this report we have no intention to defend the work of the 
department of Food Supply during the occupation nor to argue 
the correctness of any policy followed. The purpose of this re- 
port is only to tell the general reader and the nutritionists, med- 
ical and public health people, physiologists, economists, and 
agriculturists especially about the food supply, production and 
imports before the war and also about the serious difficulties with 
the food supply of the Dutch people during the German occupa- 
tion. Furthermore, some of the most important facts which have 
determined the policy of the Dutch food authorities in that time 
will be discussed. 

Also, there will be presented data on the Dutch production, 
export, rationing and distribution of food during the occupation 
which are of great importance for the nutritionists in our country 
as well as abroad. 


PrewaR CoNsuMPTION 


It may be considered a matter of common knowledge that 
nutrition in the Netherlands in prewar days was on a high level, 
not only as regards the per capita consumption of calories but 
also with respect to meal patterns and quality (2). The fact, how- 
ever, that the Netherlands was largely dependent for its food 
supply upon imports of foodstuffs or raw materials is less gener- 
ally known, and even now it is not always fully realized. 

This dependence applies not only to grains for bread and to 
fats but also to feed for livestock. The latter products are con- 
verted by fowls and livestock into highly valuable foodstuffs 
(butter, cheese, meat, milk, eggs), an appreciable portion of 
which would be exported. 
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Tables 1 and 2 give the import and export figures for the most 


Table 1. Prewar production and imports of foodstuffs in the Netherlands. In gross 


tons, yearly figures, or annual averages. 








Imports Pro- Pro- Pro 
1935-36 | puction | Imports! | puction! | Imports! | puction! 
Propuct 1937-38 | 1934-38 | 1938-39 | 1938-39 | 1939-40 | 1939-40 

Cereals 
Wheat 538,000 | 389,000 | 701,000] 417,000] 705,000} 400,000 
Rye 9,000 | $17,000 29,000 | 603,000 32,000 | 420,000 
Barley 233,000 138,000 | + 178,000 146,000 | 201,000 146,000 
Oats 9,000 | 412,000 40,000 | 449,000 $5,000 | 326,000 
Corn 939,000 1,000 | 777,000 1,000 | 624,000 2,000 
Flour (Grain) §2,000 — 90,000 —— 98,000 mae 
ToraL 1,780,000 | 1,457,000 | 1,815,000 | 1,616,000 | 1,715,000 | 1,294,000 

Oil Seeds 
Linseed 292,000 16,000 303,000 22,000 
Ground Nuts 178,000 — 192,000 — 
Palmkernels 49000, — 46,000 —_ 
Soya Beans 110,000 —_— 119,000 —— 
Copra 53,000 —_— 76,000 — 
Rape Seed 2,000 6,000 3,000 —_— 
Sesam Seed 6,000 — 6,000 —_— 
Other Oil Seeds 66,000 9,000 63,000 9,000 
Toran 756,000 31,000 | 808,000 31,000 

Oil Cakes 
From Oilseeds as 

Above 417,000 448,000 
Cattle Cake Im- 

ported as Cakes 177,000 191,000 
Toran 594,000 639,000 

Oils and Fats 
Quantity from Im- 

ported Seed (In- 

cluding Linseed 

Oil, Whale-Oil 

and Vegetable 

Oil for Human 

Consumption 162,000 208,000 


























1For oil seeds and oil cakes, data are for the calendar years 1938 and 1939. 
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Propuction Exports PropucrTion Exports 
Propuct 1938 1938 1939 1939 
Butter 101,000 $2,000 109,000 56,000 
Cheese 126,000 58,000 121,000 52,000 
Milk $146,000 — 52412,000 —— 
Milk Products 171,000 187,000 164,000 184,000 
Meat (on the Hook) 361,000 332,000 411,000 42,000 
Eggs (in Millions) 2,250 1,150 25450 1,375 

















Table 2. The Netherlands as an export country before the war. (Amounts in 
gross tons). 


important foodstuffs during years previous to 1940. The average 
production figures of Dutch crops in a few prewar years have 
been inserted for comparison in Table 1 in order to stress the 
volume of imports. The aggregate Dutch production of various 
foodstuffs and the export figures for the same years are compared 
in Table 2. 

Immediately after the outbreak of the war in August, 1939, 
the importation of foodstuffs became extremely difficult and 
stopped altogether during the German domination. From May 
15, 1940, the Netherlands was entirely dependent for its food 
supply upon the stocks of foodstuffs and raw materials on hand 
at the time and upon the home production. The stocks of the 
most important products on hand on May 15, 1940, are shown in 
Table 3. 

Moreover, under compulsion from the German occupation 


Table 3. Stocks of the most important foodstuffs on May 15, 1940. 











NuMBER NuMBER 

Propuctr or Tons Propuct oF Tons 

Wheat 450,000 | Sugar 95,400 
Rye 166,500 Butter 3,600 
Barley 252,000 | Cheese 16,500 
Oats 122,800 Edible Oils and Fats 130,700 
Pulses 79,000 | Oil Seeds 111,300 
Potato Starch 24,400 | Cattle Cakes 85,300 
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authorities, appreciable quantities of food products were supplied 
to the occupation forces and additional large quantities were ex- 
ported, with or without imports to be supplied in exchange. A 
summary of these quantities expressed in terms of hectares of 
cultivated land is given in Table 4. The total area of cultivated 
land in the Netherlands amounts to some 2,300,000 hectares. In 
the four and one-third years from May, 1940 to September, 1944, 
the output of about 60 per cent of our cultivated land was ex- 
ported. 

For the period September, 1944 until the end of the war no 
reliable data are available. 

Because of the loss of imports, agriculture had to be adapted 
to new circumstances. This adjustment consisted in an appreci- 
able reduction in our pig and poultry population. Both pigs and 
poultry are the rivals of man as regards the consumption of cer- 
eals, and if this reduction had not been carried out, both the total 
production of home-grown grain and the stocks on hand would 
have been consumed by these animals. 

In addition, the production of foodstuffs had to be increased 


Table 4. Compulsory Dutch exports during the war and supplies to German 
military forces expressed in terms of hectares of cultivated land, from May, 1940 
until September, 1944. 











Supprizs TO GERMAN 
Propuct - Ner Exports Forcks IN THE 
(Hectares) Neruertanps (Ha.) 

Arable Crops 135,000 108,000 
Dairy Products 190,000 67,000 
Margarine, Fat and Oil (Fatty Acids 

Included) 107,000 15,000 
Meat and Meat Products 267,000 208,000 
Horticultural Products 115,000 14,000 
Eggs and Poultry 97,000 19,000 
Fish 19,000 7,000 
Torat (General 1,368,000)! 930,000 438,000 











1One hectare is 2.47 acres. 
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as much as possible. This could be achieved by promoting the 
cultivation of a few crops essential for our nutrition. One instance 
of this was the stimulation of potato growing, the prewar acreage 


of 130,000 hectares be- Table 5. Annual use of fertilizers in kilo- 
ing raised to 210,000 grams per hectare of cultivated land. 























hectares in 1943. The 
943 Year N P.O; K:O 

acreage under rape seed 
was incre 1 from 1935-1938 (Average) 32.5 56.0 50.5 
: 1939-1940 39-9 39-1 46.9 
3,000 hectares in pre- 1940-1941 36.0 | 21.3 | 60.3 
1941-1942 26.7 4.0 §3.1 
war years wad some 1942-1943 23-5 2.3 55-3 
50,000 hectares in 1943, 1943-1944 19.0 | 2.0 | 48.2 
d th d 1944-1945 9.1 0.6 30.3 
an e acreage under 1945-19461 27.7 | ons | 23.1 

rye was increased from 

1Estimation. 


110,000 hectares to 300,- 
ooo hectares (more recent figures are less fit for comparison, since 
many areas had been inundated). In order to make these adjust- 
ments, part of the grass lands had to be broken up and the grow- 
ing of a few crops of minor importance had to be restricted. Only 
in this way was it possible to raise the production of home-grown 
crops to a level at which starvation need not necessarily be feared, 
in spite of the fact that the importation of foodstuffs had become 
impossible and local stocks were nearly exhausted. 

Calculations had shown that under the most favorable circum- 
stances, 7. ¢., with sufficient fertilizers at our disposal, and an 
ideal crop plan, the Dutch soil might supply an average of 2,000 
calories per capita per day. This figure should be borne ini mind 
in connection with the rationing policies which will be dealt with 
presently. 

As regards the fertilizer supply, this remained well below the 
prewar level, as appears from data in Table 5. Importation of 
synthetic fertilizer was stopped, and the country became depend- 
ent on manure for fertilizer. The quality of manure is necessar- 
ily closely connected with the feeding of the cattle and thus is on 
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the one hand dependent upon the application of fertilizers to 
meadows and pastures, and on the other hand upon the quantity 
of concentrated fodder. 

From calculations by Van der Meulen (3) it appears that the 
quantity of fertilizers imported in 1938 yielded an amount of 
nitrogen almost equal to that obtained from the manure used in 
prewar times when cattle received a good feeding of concentrates. 
Other elements needed as fertilizer, normally were supplied 
largely by artificial fertilizer, manure being a relatively unim- 
portant source which, nevertheless, during the war was not a 
negligible factor in its effect on the fertility of our cultivated 
land. 

The consequences of the shortage of fertilizers manifested 
themselves in a decline of the production figures, as appears from 
Table 6. 

It is needless to say that the total stoppage of the importation 
of concentrated fodder and the insufficient dunging of pastures 
and meadows greatly affected the production of meat and dairy 
products. Some figures on the milk supply to dairies, which are 
shown in Figure 1, convey an idea of the extent of this effect. 

It stands to reason that the quality of the war rations, which 
were entirely home-produced, was inferior to that of prewar 
rations. They contained more carbohydrates but fewer proteins 
and fats. This, too, clearly appears from the graphs attached. 


Table 6. Exhaustion of the Dutch soil as a consequence of war. 





EstimaTeD Propuction Per Hecrare 
ExpressED IN Terms oF KitoGrams! 








Propuct 
1940 1941 1942 1943 1945 
Cereals 2,514 2,237 2,117 2,098 1,449 
Pulses 2,425 2,097 1,630 | 1,817 1,864 
Potatoes and Sugarbeet 21,859 21,546 21,506 19,822 15,044 























1On account of the war no data are available for 1944. 
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Fig. 1. Weekly deliveries of milk at dairies by live-stock farmers in the Netherlands, 
January 5, 1941 — April 13, 1946. (August 27, 1944 to July 7, 1945 not available.) 


RATIONING 


When a second European war threatened to break out, the 
then Minister of Economic Affairs decided in 1937 to establish 
the Government Office for the Preparation of the Food Supply 
in Time of War. This office was charged with making the neces- 
sary preparations for the economic warfare in the field of the 
food supply for the Dutch people, for such time as the Nether- 
lands would be neutral or the Dutch territory in Europe would 
be partly or wholly occupied, as might be the case. 

The existing organization, based on the Agricultural Crisis 
Act of 1933, participated in this preparatory work. By Septem- 
ber, 1938, nine economic emergency acts had already come into 
force, among which were the soil-production act and the ration- 
ing act. 

Thus, when war broke out in August, 1939, the machinery was 
ready to be put into operation. One of the first measures taken 
in the Netherlands was the introduction of a rationing scheme 
for animal feed, aimed at the most economical consumption of 
feed stocks on hand at the time. 
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Immediately after the occupation of the Netherlands by the 
Nazis on May 15, 1940, measures were taken for the distribution 
of all human foods, the object of which was to maintain the food 
supply on as high a level as possible under the circumstances and 
thus prevent the health of the Dutch people from being affected 
beyond repair. These preparations had started as far back as 1939. 
The population was divided into age groups; each group was 
entitled to a ration which covered its requirements as much as — 
possible, both as regards quality and quantity. In addition to this 
classification according to age, a second was made according to 
classes of labor. Workers on heavy and very heavy work as well 
as those on long-time or night jobs were entitled to extra rations. 
Supplementary rations were also given to persons employed on 
work considered injurious to health and special regulations were 
made for sick persons and expectant and nursing mothers. 

Besides this rationing, which was based on ration books and 
coupons, there was the Communal Kitchen system. Originally 
only those people got meals from the Communal Kitchen who, 
either for economic, social, or financial reasons, were not able to 
cook their own meals. To partake of these meals it was necessary 
to hand in part of the current coupons; however, the food value 
of these meals was much greater than was represented by the 
coupons thus handed in. 

Moreover, from 1941 large groups of workmen were entitled 
to a coupon-free meal from these Kitchens. The food value of 
these meals amounted to some 600 calories per three-quarter litres 
per day. 'n this way approximately 450,000 workers got an extra 
meal daily, these meals being supplied by 140 Communal Kitch- 
ens throughout the country. 

In addition to these groups of persons who were entitled to 
an extra meal over and above their normal rations, large groups 
of school children received extra food. Also, the distribution of 
milk in the schools was continued during the first few years of 
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the war. Later on these extra supplies had to be stopped on ac- 
count of lack of milk. Even in prewar days, school children in 
several large towns were provided with food in various forms. 
The object was to provide children of the poorest classes with 
meals. When rationing regulations took effect, care was taken 
that children’s rations never fell below the physiological stand- 
ard, and coupons had to be taken from such children as partook 
of these meals. On account of this regulation their number de- 
clined. The parents simply could not be talked into delivering 
coupons for this purpose. In many places these meals, which 
were organized by municipalities and school boards, had to be 
stopped. In order to improve this situation, it was decided on 
February 1, 1942 to provide the children with a full meal from 
the Communal Kitchen and these meals were supplied coupon- 
free. Originally only children of the poorest classes were entitled 
te such meals, but in 1943 the basis of participation was altered. 
From that date onward, in addition to the children referred to 
above, all children were entitled to a meal who, according to the 
school doctor, were 20 per cent below normal weight. The inclu- 
sion of a National Socialist organization by the German authori- 
ties, which was vainly protested by the Government Office for 
Food Supply, caused attendance to be very small. 

Besides children of the elementary schools, pupils of second- 
ary and technical schools and those in the universities also were 
entitled to a daily coupon-free meal. 

The numbers of persons who were supplied with meals by the 
Communal Kitchens during the period from March, 1942 to 
August, 1944 are shown in Figure 2. 

Besides the rationing of food, the provision of vitamins to 
some important groups was undertaken. In the first place, ex- 
pectant and nursing mothers and the school children were pro- 
vided with vitamin C tablets. Later on, by order of the occupa- 
tion forces, these tablets were distributed also among the work- 
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Fig. 2. Average daily number of persons served at Communal Kitchens in the 
Netherlands by four-week periods from March 23, 1942 to August 6, 1944. 


men. They were supplied during a period beginning early in 
March until May 15th or thereabouts. During the winter months 
vitamin D tablets also were distributed among babies and very 
young children. The importance of supplying these vitamins 


will be discussed later. 

In addition to giving these vitamin preparations, oranges and 
mandarins also were distributed sometimes among the children, 
and carotene preparations and fresh carrots were issued to the 
children over and above their normal rations. 


CoMMITTEES 


Even previous to May 10, 1940, by mutual agreement, the 
Public Health Division of the Department of Social Affairs, the 
Department of Economic Affairs, and the Government Office 
for the Preparation of the Food Supply in Time of War had 
reached an understanding concerning the formation of a Food 
Council. The outbreak of the war caused this Council to be 
formed not as an independent body but as a Committee of the 
Health Council. Throughout the war this Food Council assisted 
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the Director General for the Food Supply in his task and un- 
doubtedly did much useful work on its own initiative as well as 
on request. It also brought into existence the Advisory Bureau, 
which materially contributed to the solution of the many prob- 
lems regarding the numerous rationing regulations with which 
the housewife was faced. 

A special subcommittee of the Food Council was charged with 
the compilation of the Regeytone Regarding the Rationing of 
Food for Sick Persons,” and*another subcommittee studied the 
correlation between the rations and public health. The activities 
of the latter subcommittee, the so-called Pouls Committee, were 
broken off by the railroad strike, but after the liberation imme- 
diately were taken up again with the cooperation of American 
and English research workers. A report of the results of this re- 
search work will be released in due course. 

In addition to these activities of the subcommittees, the Food 
Council encouraged scientific research into many subjects. This 
research was carried out mainly by “Het Nederlandsche Insti- 
tuut voor Volksvoeding” (the Netherlands Institute for National 
Nutrition) and “Het Centraal Instituut voor Voedingsonder- 
zoek C.I.V.O. (the Central Institute for Food Research). As 
examples, the research work concerning the milling extraction 
of grains for bread and the preparation of synthetic vitamin C 
may be mentioned. 


Foop RartIons 


The food rations distributed throughout the Netherlands by 
weeks from April 27, 1941 until October 1, 1944 are shown in 
Figures 3 to 10 inclusive in terms of the average daily calories fur- 
nished and the average daily grams of protein, carbohydrate, 
and fat. For each of these four food values, the content of the 
rations is given according to age groups, vz., 0-3 years, 4-13 
years, 14-20 years, and 21 years and over, or adults classified as 
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average or normal consumers. Similarly, ration values are shown 
for groups of workers who received supplementary rations, viz., 
workmen on long hours or night jobs, those on heavy work, 
those on very heavy work, and coal miners. These data are sum- 
marized by quarters in Appendix Tables 1 and 2 (pp. 356, 357) 
in which estimated average daily amounts of calcium, phosphorus, 
iron, vitamin A, thiamin, and vitamin C also are shown. 

On October 14, 1939, rationing was started, sugar being the 
first rationed item. Other articles followed gradually. The num- 
ber of rationed articles materially increased after June, 1940. Ra- 
tioned were: tea and coffee, bread and flour, rice, butter and 
margarine, oatmeal, vermicelli, meat, cheese, groats, eggs, coffee- 
substitute, and milk, in the order mentioned; and on April 26, 
1941 even potatoes were rationed, followed later on by jam, skim 
milk, cocoa powder, and some typical war products, such as 
children’s beverage powder, and mixed flour. Milk rationing 
had a somewhat irregular course. From April 19, 1941, standard- 
ized milk was allotted to all groups; after August 2, 1941, how- 
ever, only to children under 14 years old. Skim milk was not on 
the ration then, but could be had only in limited quantities. On 
September 6, 1942 this article too was rationed. During the 
period that no standardized milk was distributed and skim milk 
was still unrationed, the caloric value of milk in the diet was 
calculated on the basis of a weekly consumption of one and 
three-quarter litres of skim milk by persons aged 14 years and 
over. 

Without exaggeration it may be said that from April 26, 1941, 
the day when potatoes were rationed, practically the whole diet 
was “on the ration.” The charts showing food values of rationed 
foodstuffs start on that day and continue until the memorable 
date of September 17, 1944 and are for the whole of Holland. 
On that very day the Netherlands was, with respect to distribu- 
tion areas, divided into three large parts: the Western provinces, 
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i.¢., the provinces of Noord-Holland, Zuid-Holland, and Utrecht; 
the Southern provinces, i.e., the areas south of the big rivers; and 
the Eastern provinces, i.e., Groningen, Friesland, Drenthe, Over- 
yssel, and part of Gelderland. 

From Figures 3 and 4, showing the caloric value, it appears 
that up to approximately the middle of 1943 the aggregate cal- 
oric level remained much the same except for some temporary 
deviations. Then a reduction came which, especially after the 
beginning of 1944, became larger and larger. The results of the 
1943 crop did not come up to expectations, among other things 
due to lack of fertilizers, shortage of agricultural implements, 
labor, and last but not least the increasing black market. The 
inundations in 1944 did the rest. 

The composition of the rations which supplied these calories, 
however, underwent a radical change in the course of years, as 
also appears from the graphs. The amount of carbohydrates in- 
creased, whereas that of proteins and especially fats decreased 
more and more. This is explained by the necessity for Dutch 
agriculture to adapt itself to new circumstances as a result of the 
lack of imports. The production of cereals and potatoes had in- 
creased; that of meat, milk, and eggs had decreased. Up to July, 
1943, the drop in the production of proteins and fats could be 
offset by increasing the production of foodstuffs with a high 
carbohydrate content. For reasons mentioned above, this meth- 
od could no longer be applied after this date. 

Thus far, the general course of the rationing of foodstuffs has 
been considered. If week to week variations shown in the charts 
are studied, some more striking facts present themselves. 

In the period from April to September of every year, the 
graphs for calories and carbohydrates regularly show a decline, 
although during this decline some rather large fluctuations will 
be noted. These fluctuations are due to the transition from the 
distribution of the old potato crop to the new one. This transi- 
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tion invariably caused a temporary cutting down of the potato 
ration. Sometimes, if the supplies fell considerably short of ex- 
pectations, the reduction amounted to twice the usual one. In 
most cases this temporary reduction was to the best of our abili- 
ties offset by putting quantities of pulses into distribution which, 
however, took place at more or less irregular intervals. 

This periodic cut in rations, however, was caused also by an- 
other fact. During the same periods, the graphs for fats show 
much the same fluctuations and the temporary decrease in fat 
rations also affected the total amount of calories. As a matter of 
fact, the margarine, which was being manufactured from the 
home-produced rape seed, was not yet sufficient to compensate 
for the decrease in butter. 

Another variation which occurred every year, and which is 
clearly apparent from the graph for fats, is the temporary rise 
between Christmas and New Year’s, caused by the supplementary 
rations of butter or oil, cheese, and syrup in these periods. 

The violent fluctuations in August, 1941, were caused by a tem- 
‘porary halving of the potato ration, which was offset immedi- 
ately after by a proportional rise. 

On studying the graphs, one can see that the lines for the 
youngest children drop after September 6, 1942, whereas those 
for the other groups have a rising trend. What is the cause of 
this phenomenon? 

As of September 6, 1942, the weekly milk ration for the very 
youngest had to be reduced from seven litres to five and one- 
quarter litres; on that date skim milk was put into distribu- 
tion, and this had to be taken into account in distributing the 
milk supply. On that very day the potato ration was increased 
for all groups; for the very youngest, however, the caloric value 
of this rise did not counterbalance the reduction caused by cut- 
ting down the milk ration. 

In April, 1943, a sharp rise in calories was followed by a sharp 
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fall. The old potato crop had to be cleared quickly and a higher 
ration was given temporarily. Immediately after this the fat 
ration showed a trend to sink to its lowest possible level, soon 
rallied, however, and sometime afterwards was reestablished for 
the normal consumers and the labor groups at its original level. 
Persons under 20 years of age were given the opportunity to 
make up for the deficiencies by a temporary increase in rations. 
This is clearly shown by graphs of the fat rations and can be 
accounted for as follows: The situation with respect to fats was 
precarious and for some time young persons had not received 
their supplementary rations. In May, 1943, the Germans called up 
the former Dutch forces to be carried off as prisoners of war. 
‘The Dutch population replied to this action with strikes. With- 
out informing the Dutch food authorities, the Germans then 
published an article in the newspapers to the effect that, owing 
to the strike, appreciable quantities of milk had been lost and 
this had caused an inadequate production of butter; therefore, 
the current butter coupon had to be continued for four weeks, 
no new coupon being made available. However, the authorities 
managed to give young persons this butter by an extra coupon. 
For older persons and the labor groups, such a thing was out of 
the question. Not until September 5, 1943, was the fat ration for 
children normal again; before that date it more or less fluctu- 
ated. During the transition to the new sugar crops, as of Octo- 
‘ber 3, 1943, this ration had to be temporarily decreased. On 
October 24th of the same year, the deficiency was made up for 
by a double sugar ration, which is shown in the graph by a peak 
in the curve. 

After the last supplementary rations about Christmas 1943, the 
general decrease of rations began in the spring of 1944. Thus in 
March, the fat ration was cut down, the skim milk ration al- 
ready -having been reduced in February. In April, 1944, the fat 
ration for young persons was raised again; this was impossible 
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for older persons and the labor groups. At the end of June, the 
periodic difficulties with the potato supply, caused by the transi- 
tion to the new crops, occurred. In spite of enormous transport 
difficulties the rations were kept up to three kilograms. There 
were but limited possibilities for compensations at the time of 
the lowest ration, z.e., during the latter half of June. People were 
provided twice with an extra supply of bread, cheese, and pulses, 
and had to overcome many difficulties up to September 17, 1944. 
The course of the rationing after that date will be discussed 
later on. 

In general, it may be said that except for temporary deviations 
caused by circumstances mentioned above, rationing in the 
Netherlands followed a rather regular course. The graphs clearly 
show the relative food values of the rations allotted to the dif- 
ferent groups of consumers. One should bear in mind, however, 
especially in judging the graphs for labor groups, that the value 
of the coupon-free meals, which have been discussed, has not 
been included. The distribution of vegetables, fruit, and fish 
likewise has not been taken into account. Local differences in 
the supply of these foods were appreciable; furthermore, they 
furnished negligible amounts to the food values under discus- 
sion. 

EMBARGO 


The greatest difficulties in the food supply originated from 
the beginning of the offensive by Montgomery near Arnhem 
and Nijmegen. The Dutch Government in London declared a 
general railroad strike on September 17, 1944. It is well known 
how this order was carried into effect. On September 22nd, Dr. 
H. M. Hirschfeld and Mr. S. L. Louwes, Secretary General of 
the Ministry of Agriculture and Fisheries and Director Generz’ 
for the Food Supply, respectively, were informed in the name 
of Reichskommissar Seyss-Inquart that they had to address a 
summons to the Dutch people to the effect that, if the railroad 
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strike were not lifted immediately, the long-dreaded famine was 
bound to come. It was most obvious that this summons was 
meant to cancel the railroad strike. Messrs. Hirschfeld and 
Louwes were positive in their refusal although they knew that, 
as a retaliatory measure, an embargo would no doubt be pro- 
claimed by the “Reichskommissar.” The proclamation of this 
embargo, which indeed took place, prohibited the transport of 
all food from the northern and eastern production areas to the 
densely populated consumption centers in the western part of 
the country. It is now clear to everybody what this meant to 
Holland. The consequences had been foreseen by the Dutch 
authorities. They addressed frequent, but ineffectual warnings 
about this matter to the “Reichskommissar,” pointing out to him 
the lack of sufficient stocks in the western provinces and the 
dangers the approaching winter would be: sure to result in, if 
he did not see to it that stocks were formed in time. 

Not until November 8th was the prohibition to convey food 
to the western provinces partly lifted. It was, however, a consid- 
erable time before the formation of the Central Ship Owners 
Food Supply (“Centrale Reederij Voedselvoorziening”) caused 
the situation to improve slightly. At the very time when this 
organization was capable of carrying out its activities, frost set 
in; this brought to a complete stop the supplying of food and 
the forming of stocks in the western provinces. It was too late! 
Figure 11 shows the weekly supply of food shipped from the 
eastern to the western provinces in the period October 30, 1944 
to June 30, 1945. 

In the meantime, the inhabitants of the western provinces had 
consumed all the stock on hand and real famine had set in. 
People were forced more and more to leave the towns in search 
of food in the production areas. Many of them, however, did 
not live through these food expeditions. 

Immediately after the unsuccessful attack near Arnhem, the 
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Fig. 11. Weekly shipments of all foodstuffs and of potatoes from Eastern Nether- 

lands to Western Netherlands from October 30, 1944 to June 30, 1945. 
Director General for the Food Supply urged our Government 
in London to relief action. After the proclamation of the em- 
bargo this action was asked for repeatedly, and it was even sug- 
gested that food be dropped from the air. In January, 1945, relief 
came: the starving population received consignments from the 
Swedish Red Cross, followed by those from the International 
and Swiss Red Cross which of course somewhat alleviated this 
most serious situation. When the last relief consignments were 
all but exhausted, the Allies, on April 29, 1945, began to drop 
food from airplanes. This method of rendering assistance was 
possible because the tide of war had turned. Supplies by land 
and sea soon followed. Nevertheless, during the period April 
29th to May 8th, some 4,500 aircraft dropped 8,000,000 kilograms 
of high-quality food, representing an average per capita for the 
population of Western Holland of 2 kilograms. 

This is not the place to give a full historical account of what 
preceded these “air droppings” and of the part played by the 
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Fig. 12. Average calories per day by weekly periods for food rations, including 
Red Cross and S.H.A.E.F. supplies, distributed daily in Western Netherlands to 
different age groups from September 3, 1944 to August 5, 1945. 


Ministry of Agriculture and Fisheries and, under its supervision, 
the Government Office for the Food Supply in Wartime. A sin- 
gle fact, however, ought to be mentioned in this connection. 
The Allied attack across the Rhine caused the Eastern part of 
the country to be entirely cut off from the Western part. Then, 
on April 2, 1945, the Reichskommissar ordered Dr. Hirschfeld 
to come and see him, and informed him of the commands of the 
“Ober Kommando der Wehrmacht” for proceeding to an inun- 
dation of the whole Western part of the Netherlands and to 
devastations on an enormous scale in case of an Allied attack. 
The Reichskommissar was willing to discuss with Dr. Hirsch- 
feld how this calamity could be averted. During the negotia- 
tions he was prepared to allow food transports to the Western 
part of the Netherlands. After that Dr. Hirschfeld drafted a 
telegram with conclusions about these discussions, which was 
forwarded to the Chairman of the Confidents of the Nether- 
lands Government and passed on to the Netherlands Govern- 
ment in London. 
On April 4th, after having consulted Mr. Louwes, Dr. Hirsch- 
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Fig. 13. Average grams of carbohydrate per day by weekly periods for food rations, 
including Red Cross and S.H.A.E.F. supplies, distributed daily in Western Nether- 
lands to different age groups from September 3, 1944 to August 5, 1945. 


feld got the news that the telegram had been actually sent off. 
As a result of the discussions between the Reichskommissar and 
Dr. Hirschfeld on April 2nd it became possible to arrange con- 
tact between the German authorities, the Confidents of the 
Netherlands Government and the Commander of the Under- 
ground Forces, so that, with the assistance of the German au- 
thorities, two representatives of the Confidents could start for 
that part of the country which had already been liberated in 
order to carry on negotiations. The discussions these Confidents 
carried on there prevented the attack on the Western part of 
the Netherlands, including the inevitable inundation by the 
Germans of a large part of this area. The consequences of this 
devastation would have been incalculable. Furthermore, these 
discussions led to a conference between the Allied army authori- 
ties and the Reichskommissar with his staff, which preliminaries 
took place on April 30, 1945 at Achterveld, and were attended 
by the Director General for the Food Supply and some members 
of his staff, as experts. At that place they came to an agreement 
in principle for the continuation of food supplies by air, and 
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Fig. 14. Average grams of protein per day by weekly periods for food rations, 
including Red Cross and S.H.A.E.F. supplies, distributed daily in Western Nether- 
lands to different age groups from September 3, 1944 to August 5, 1945. 


also for sending supplies by sea and by land. This agreement was 
further elaborated in a conference at Wageningen on May 2, 
1945. Capitulation came shortly afterwards and the liberation 
eagerly looked for had become a fact. 

Figures 12 to 15 inclusive show the course of rationing in the 
Western provinces from September 3, 1944 to August 5, 1945. 
These charts and Appendix Table 3 (p. 358) give data for each age 
group on the total calories and the grams of carbohydrates, pro- 
teins, and fats per day in the ration distributed. By introducing 
the so-called emergency ration books and extra sheets belonging 
to them, distribution according to age groups was majntained. 
Laborers were no longer provided with supplementary rations. 
After a constant, gradual reduction, there was a slight rise early 
in January because of a rape-oil coupon being made available. 
Later peaks in the curves are due largely to the Red Cross con- 
signments; the general drop is the result of the fact that local 
resources were running out. When on April 29, 1945, the last 
kilogram of potatoes and the last 4oo grams of bread had been 
distributed, the Allies came to the rescue of the famine-stricken 
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Fig. 15. Average grams of fat per day by weekly periods for food rations, includ- 
ing Red Cross and S.H.A.E.F. supplies, distributed daily in Western Netherlands 
to different age groups from September 3, 1944 to August 5, 1945. 


people. Within three weeks the calories had been raised to 2,400 
a day. In this connection, it is worth mentioning that the food 
authorities in the Western part of the country were aided by the 
Organization for Relief at Short Notice (Commissariaat Nood- 
voorziening) founded in the Southern part, which furnished a 
large supply of food in the shortest possible space of time and 
thus brought about the above-mentioned quick increase of ra- 
tions (4). 
IMPROVEMENTS IN RATIONING 


The Southern, Northern, and Eastern provinces never suffered 
as bad a shortage of foodstuffs as the Western. Before the libera- 
tion of the Western part of Holland, these provinces were on 
a much higher caloric level than the areas that were still occu- 
pied. For a short period after the liberation, it was just the other 
way around. In the Western provinces care was taken that the 
rations after the starvation period had the highest possible con- 
tent in proteins and fats. Afterwards it was the duty of the au- 
thorities in charge to get uniform rationing all over the country. 
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Acz Groups aND Protemns | Fats |CarBonyprates 
Spzcrat Groupes CaLorizs Gms. Gms. Gms. 





Under 1 Year 1,800 51 62 250 
2- 4 Years 1,900 54 62 265 
5-14 2,475 70 390 

15-20 2,650 75 425 

Adults—Normal Consumers 2,300 61 370 


Workers on Long Hours and NightJobs | 2,675 71 430 
Heavy Workers 3,150 84 511 
Heaviest Workers 4,000 106 633 
Expectant and Nursing Mothers 3,200 94 465 
Coal Miners 5400 157 144 826 




















Table 7. Calories, protein, fat, and carbohydrate in the rations of different age 
groups and other special groups in the Netherlands after January 1, 1946. 


Except for some slight deviations this end was attained in Au- 
gust, 1945. 

The average rations for a normal consumer contained approxi- 
mately 2,300 calories per day. Special attention was paid to the 
requirements of the most important groups, i.e., children, ex- 
pectant and nursing mothers, sick persons, and laborers in need 
of supplementary rations. The number of calories and grams of 
proteins, fats, and carbohydrates per day furnished by the rations 
for these groups on January 1, 1946 are shown in Table 7. 

Meanwhile, some products such as groats, rolled oats, pulses, 
rusks, and biscuits had gone off the ration. This rendered the 
continuation of the graphs impossible, as it would be necessary 
to estimate some of the values. 

Unfortunately, since January 1st, it has been necessary to cut 
the ration twice due to the world food shortage. As of July 1st, 
the ration to normal consumers supplied about 1,850 calories, 
including estimated amounts for foods not rationed. 


DEATH AND DiIsEASE SYMPTOMS 


Even during the time our country was occupied by the Nazis, 
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the Pouls Committee, already referred to, regularly reported on 
the public health. These strictly confidential communications 
were used by the Director General for the Food Supply in deter- 
mining the course to be followed. In the beginning the results 
were not unfavorable. However, the state of health of the school 
children, in fact, public health in general, appeared to become 
gradually worse and worse. ; 

This is clearly illustrated by the appreciable increase in the 
number of accidents in factories and workshops, which rose 
from 22.9 per thousand during the first five months of 1939 to 
138.5 per thousand during the corresponding period in 1943. Al- 
though it is by no means impossible that psychological and tech- 
nical factors exercised their influence on these figures, Penris (5) 
is of the opinion that nutrition probably is responsible for this 
increase. 

From the mortality rates for tuberculosis, it appears that the 
resistance of the population greatly decreased during the occu- 
pation. The rate more than doubled from 1939 to 1944, as appears 
from the following figures: 


Annual Death Rate from Tuberculosis Per 10,000 Population 


1939 1940 1941 1942 1943 1944 (first half-year) 
410 4.37 5.92 6.13 6.99 8.28 


Later data are not available because of war conditions. 

More detailed information is available for school children than 
for adults. These data were provided by the provisional reports 
of the Pouls Committee, which will be published in full in due 
course. From these, it appears that from 1941 the average weight 
of the children in all age groups showed a tendency to decrease. 
The numbers of children showing a positive Pirquet reaction in- 
creased appreciably, and decay of the teeth increased even more. 

These conditions were found first in children in orphanages, 
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and later on also in children of the larger towns, but in a far less 
degree in children in small towns. No data are available for 
farmers’ children. 

Another condition, formerly seen only very seldom but re- 
cently of rather frequent occurrence, was volvulus of the sigmoid 
and prolapsus of anus and rectum. This has been commented 
upon by Schepel (6). This condition which is often seen in Rus- 
sia and the Baltic countries is attributed to inadequate nutrition. 

The above refers to the period preceding the famine. It was not 
long before people experienced the consequences of famine, as is 
apparent from the large increase in the rate of mortality. Early 
in January, 1945, the first obvious cases of death as the result of 
starvation were reported to the Government Office. The numbers 
of deaths in twelve municipalities in the first half of 1945 are 
shown in Tables 8, 9, and 10, and are compared with the deaths 
in the corresponding period of 1944. These data are from tabula- 
tions made by the Central Bureau of Statistics. The total deaths 


Table 8. Numbers of deaths in twelve municipalities in the first half of 1944 
and 1945. 














Noumser or Deatxs IN 
First Six Montus 
Monicipatity Ratio ABSOLUTE 
1944 1945 1944 = 100 DirFeRENCE 
Amsterdam 4,401 95737 221 5»336 
Rotterdam 35255 7,854 241 45599 
The Hague 2,389 5,811 243 3,422 
Rijswijk gI 211 232 120 
Voorburg 188 449 239 261 
Delft 424 863 204 439 
Leiden 625 1,130 180 505 
Gouda 287 519 181 232 
Schiedam 396 737 186 341 
Vlaardingen 180 369 205 189 
Dordrecht 424 603 142 179 
Hilversum 495 839 169 344 
Toran 13,155 29,122 221 15,967 
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Excess Over NuMBER IN Ratio 
Acs Nomoser or Deatus | First 6 Montus, 1944 1944 = 100 
Group 
Male Female Male Female Male | Female 
Aut Acgs 17,915 11,207 11,252 4,715 269 173 
Under 1 Year 1,437 1,002 gor 663 268 2.96 
1-4 Years 501 379 253 193 202. 204 
5-64 Years 7,099 3,318 4,289 896 253 137 
65 Yrs. and Over} 8,878 6,508 5,809 2,963 289 184 























Table 9. Deaths according to sex and age groups in twelve municipalities in the 
first half of 1945 and excess over 1944. 


more than doubled; for males the increase was 169 per cent and 
for females it was 73 per cent. Recently W. R. Aykroyd, Director 
of the Nutrition Research Laboratory at Conoor in India, stated 
that this phenomenon was observed also during the sweeping 
famine in that country. A satisfactory explanation has not as yet 




















been found. 
Table 10. Weekly deaths in twelve municipalities in the first half of 1945. 
TwELVE TWELVE 
MunIcIPALITIES Monicr2aLiTIEs 
Weer | Toe Hacug Werex 
or |War Victims Total Excess OF THE Total Excess 
Yzar Exct. Deaths | Over 1944|| Yar | Hacue| Deaths | Over 1944 
Ist 128 763 202 14th 287 1,300 710 
and 171 giz 393 15th 270 1,303 782. 
3rd 236 1,064 548 16th 244 1,101 643 
4th 241 1,246 711 17th 231 1,168 707 
5th 274 1,579 1,103 18th 220 1,262 790 
6th 310 1,417 19th 252 1,325 889 
7th 298 1,362 848 2oth 196 948 508 
8th 326 1,320 778 21st 133 828 369 
gth 306 1,330 683 22nd 106 726 2.46 
roth 271 1,452 824 23rd 130 693 285 
11th 303 1,508 866 24th 105 599 208 
12th 318 1,522 959 25th go 581 191 
13th 278 1,292 697 26th 87 521 121 
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The most striking symptom of starving persons is their total 
apathy, in spite of the fact that they often had lost their self con- 
trol and were most irritable. This is one of the symptoms ob- 
served by Aykroyd. Also, insomnia during the night and sleep 
in the daytime occurred frequently. Peripheral nervous disorders 
and polyneuritis, severe cases of muscular weakness, dizziness, 
bad cases of anemia, edema, and polyuria, were common occur- 
rences. Also avitaminoses and severe wound infections were re- 
ported by several doctors. 

This war and the famine period have taught us, however, that 
the human organism is capable of far greater adaptation than 
was thought possible. This adaptation took place in the metabo- 
lism of the individual, which was economized. However, in con- 
trast with the investigations on experimental starvation in man 
by Keys and collaborators (7), the adaptation of the human 
body took place very slowly. 

For further details about the symptoms observed in starving 
persons, the report by J. B. Stolte (8) may be referred to. 


CoNCLUSION 


In this article attempt has been made to summarize the course 
of the Dutch food supply during World War II; some miscel- 
laneous historical facts have been recorded, as well as occasion- 
ally the motives or circumstances that account for the policy pur- 
sued. 

A comparison with rationing during World War I has been 
avoided on purpose, since from 1914 until 1918 the war situation 
was quite different. First of all, the Netherlands was unoccupied 
and the Dutch Government was free to determine its own policy. 
In addition, it should be borne in mind that since 1918 the popu- 
lation has increased by 40 per cent, whereas the acreage of arable 
land has increased by at most 6 per cent. 

At present, attempts are being made to bring food up to the 














Nutrition in the Netherlands 355 


prewar level as quickly as possible. To attain this end, however, 
many international obstacles have to be removed; among other 
things there are the monetary problem and the allocation of food 
and raw materials from the world stock. The world food short- 
age, however, is very serious; therefore, it cannot be expected that 
in 1946 the prewar consumption level will be reached. 
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Appendix Table 1. Number of calories and amounts of carbohydrates, proteins, 
fats, minerals, and vitamins per day in foods distributed in The Netherlands to 
children and youths, by age group, April 27, 1941 to September 30, 1944. 









































YEAR CarRBO- | Pro- Cat-| PxHos- VITAMIN A) ASscorRBIC 
AND |CALORIES | HYDRATES| TEIN | FATS | ClUM| PHORUS| IRON | Int. Units | THIAMIN] ACID 
QuarRTER| No. Gms. |Gms.|Gms.|Gms.| Gms. | Mgs. Mgs. Megs. 
AGES 0-3 YEARS 
1941 
II 1,661 235 67 | 45 | 1.45] 1.60 10 3,070 1.14 32 
Ill 1,711 253 65 | 45 | 1.47] 1.61 10 2,618 1.15 79 
oe 1,732 251 66 | 47 |1.50] 1.51 10 4,346 1.11 67 
I 1,706 243 65 | 48 [1.46] 1.49 9 1,656 1.06 37 
II 1,656 231 64 | 48 | 1.48] 1.56 9 3,233 1.04 42 
Ill 1,677 246 62 | 46 | 1.40] 1.53 9 2,658 1.02 81 
oe 1,650 253 55 | 41 [1.21] 1.37 9 5,324 96 77 
I 1,623 250 53 | 41 [1.15] 1.33 9 2,309 91 48 
Il 1,596 250 55 | 38 | 1.15] 1.37 10 3,174 95 53 
Ill 1,667 261 54 | 41 [1.16] 1.42 10 2,569 1.01 101 
oon 1,664 249 53 | 47 [1.15] 1.35 9 4,202 04 69 
I 1,572 231 50 | 45 | 1.11] 1.31 8 2,119 .93 46 
II 1,519 227 52 | 41 [1.10] 1.32 9 3,085 92 49 
Ill 1,531 228 51 42 | 1.14] 1.35 9 2,752 94 81 
AGES 4-13 YEARS 
1941 
II 1,963 300 67 | 49 |0.91] 1.51 15 2,898 1.17 39 
Ill 2,021 321 64 | 48 [0.92] 1.52 15 2,445 1.22 112 
ote 2,072 322 66 | 52 |0.96| 1.53 15 4,193 1.24 95 
I 2,055 314 65 | 55 {0.92} 1.50 15 1,526 1.20 53 
II 1,928 290 63 | 51 [0.93] 1.47 14 3,082 1.15 57 
Ill 1,959 309 64 | 47 |0.92] 1.51 15 2,513 1.21 115 
ones 2,101 338 65 | 46 | 0.97] 1.57 16 5, 1.31 113 
I 2,019 330 60 | 45 |0.81] 1.44 15 2,234 1.21 68 
II 1,948 330 60 | 37 [0.85] 1.46 16 3,064 1.24 79 
Ill 2,016 330 60 | 45 [0.91] 1.53 15 2,549 1.29 140 
ies 2,0 333 58 | 49 [0.91] 1.49 14 4,158 1.26 103 
I 1,897 311 52 | 438 |0.81] 1.41 14 2,050 1.23 65 
I 1,835 302 55 | 39 | 0.84] 1.44 15 3,023 1.22 73 
III 1,798 295 54 40 |0.89| 1.44 14 2,687 1.20 112 
AGES 14-20 YEARS 
1941 
II 1,982 320 64 | 44 |0.62| 1.40 16 2,723 1.14 36 
Ill 1,988 336 61 40 | 0.63] 1.39 16 2,169 1.17 109 
oie 2,217 383 67 | 40 {0.70} 1.55 18 3,855 1.39 125 
I 2,200 375 66 | 43 |0.65| 1.52 17 1,187 1.34 70 
II 2,040 342 63 | 41 10.66] 1.46 17 2,744 1.26 75 
Ill 2,093 364 64 | 36 [0.66] 1.51 18 2,176 1.33 150 
RS 2,293 408 68 | 36 | 0.71} 1.62 19 4,969 1.49 147 
I 2,230 400 63 | 35 |0.60| 1.52 18 1,955 1.41 88 
II 2,160 400 63 | 29 |0.62| 1.53 18 2,797 1.43 105 
III 2,169 392 61 33 | 0.65] 1.54 18 2,212 1.43 179 
okt 2,253 401 60 | 39 | 0.66] 1.53 18 3,8 1.44 138 
I 2,066 371 54 83 | 0.58] 1.48 18 1,751 1.42 86 
II 1,970 358 56 | 28 | 0.60] 1.49 18 2, 1.39 96 
Ill 1,879 339 54 0.62 | 1.43 17 2,351 1.31 145 























Appendix Table 2. Number of calories and amounts of carbohydrates, 


teins, 


fats, minerals, and vitamins per day in foods distributed in The Netherlands to 


adults, according to type of work, April 27, 1941 to September 30, 1944. 





























YEAR CarBo- | Pro- Ca.-| PHos- VITAMIN A AScoRBIC 
AND |CALORIES | HYDRATES| TEIN | Fats | Crum | PHORUS| IRON |-CAROTENE| THIAM AcID 
QUARTER No. Gms. |Gms./Gms.|Gms.| Gms. | Mgs./| Int. Units}; Megs. Mgs. 
ADULTS — GENERAL 

1941 
II 1,828 289 59 42 | 0.61] 1.28 15 2,7: 1.05 36 
Ill 1,852 310 57 38 | 0.62} 1.30 15 2,169 1.09 109 
ne 1,828 308 58 36 | 0.66} 1.30 14 3, 1.11 92 
I 1,810 299 57 38 | 0.61] 1.27 14 1,135 1.07 50 
II 1,699 277 55 35 | 0.63 | 1.25 14 2,691 1.03 55 
Ill 1,750 299 56 32 | 0.62] 1.28 14 2,124 1.08 113 
03 1,876 326 57 32 | 0.67] 1.35 15 4,917 1.18 110 
I 1,822 316 52 32 | 0.55] 1.25 14 1,903 1.10 65 
II 1,724 317 53 23 | 0.56] 1.25 15 2,744 1.12 76 
III 1,783 323 52 26 | 0.61} 1.30 15 2,133 1.17 137 
nee 1,784 321 51 28 | 0.61] 1.26 15 3, 1.14 101 
I 1,656 299 45 26 | 0.54] 1.21 14 1,633 1.12 63 
II 1,585 288 48 21 | 0.56] 1.22 14 2,601 1.10 70 
Ill 1,529 279 45 22 | 0.59 | . 1.21 14 2,261 1.07 109 

WORKERS ON LONG HOURS AND NIGHT WORK 

1941 
j II 2,032 220 66 48 | 0.62] 1.43 17 2,757 1.16 37 
Ill 2,056 341 oF 44 |0.64/ 1.45 17 2,203 1.20 109 
os 2,032 339 65 42 |0.68| 1.45 17 3,836 1.22 93 
I 2,027 330 64 44 |0.63] 1.42 16 1,1 1.18 51 
II 1,917 308 62 42 |0.65| 1.40 16 2,746 1.14 55 
Ill 1,969 329 63 39 | 0.64] 1.43 17 2,17 1.19 113 
oes 2,146 367 66 39 | 0.69] 1.52 18 4,973 1.33 116 
I 2,113 366 61 38 | 0.58] 1.45 17 1,958 1.27 71 
Ii 1,999 363 61 29 | 0.58] 1.44 17 2,792 1.29 84 
III 2,099 376 60 33 | 0.64] 1.51 18 2,189 1.37 158 
okie 2,132 379 60 35 | 0.65} 1.50 18 3,745 1.36 120 
I 1,970 55 30 | 0.57 | 1.44 17 1,689 1.34 75 
Il 1,897 343 57 26 | 0.59] 1.46 18 2,656 1.32 84 
Il 1,789 328 54 28 | 0.61] 1.40 16 2,317 1.23 121 

WORKERS ON HEAVY WORK 

1941 
II 2,455 388 76 59 | 0.66] 1.68 20 2,902 1.38 48 
Ill 2,499 411 56 | 0.68] 1.70 20 2,348 1.46 147 
an 2,485 414 76 52 | 0.72] 1.72 20 3,970 1.50 125 
I 2,485 407 74 55 | 0.67] 1.68 | 20 1,328 1.46 71 
II 2,304 373 71 52 | 0.69] 1.62 19 2,862 1.38 75 
Ill 2,339 397 73 45 | 0.68] 1.67 20 2,259 1.44 151 
ones 2,534 440 76 44 |0.73] 1.78 | 21 Y 1.60 148 
I 2,468 431 69 44 | 0.62] 1.68 20 2,033 1.52 89 
II 2,379 426 71 36 | 0.62] 1.68 21 2,855 1.54 105 
Ill 2,398 424 71 40 | 0.67] 1.70 20 2,264 1.55 179 
sete 2,463 433 71 43 | 0.68] 1.70 20 3,820 1.57 139 
I 2,274 403 63 37 | 0.61] 1.65 20 1,756 1.54 86 
II 2,172 391 65 31 | 0.62] 1.66 21 2,712 1.52 98 
III 2,064 371 61 0.64 | 1.60 19 2,372 1.42 145 

WORKERS ON VERY HEAVY WORK 

1941 
II 3,332 487 93 -| 101 | 0.73} 2.11 27 3,437 1.74 59 
III 3,375 509 93 98 | 0.75 | 2.15 27 2,875 1.86 185 
te 3,367 515 97 93 | 0.78} 2.18 27 4,475 1.92 159 
I 3,425 513 93 | 101 | 0.74} 2.13 26 1, 1.87 92 
II 3,156 469 92 | 0.75 | 2.04 25 3,377 1.74 96 
Ill 3,156 494 92 81 | 0.74] 2.10 26 2, 1.83 189 
oe 3,413 97 79 |0.80|] 2.26 28 5,439 2.05 186 
I 332 543 90 78 | 0.69 | 2.13 27 2,424 1.95 112 
II 3,187 91 0.69 | 2.13 27 3,185 1.97 134 
III 3,183 524 89 73 | 0.73 | 2.12 26 655 1.93 222 
sbke 3,304 545 91 75 | 0.74] 2.16 | 27 4,211 2.00 176 
I 83 0.70 | 2.12 27 2,150 1.97 110 
II 2,931 497 84 57 | 0.71 | 2.12 27 3,058 1.94 126 
III 2,741 460 79 0.70 | 2.00 25 2,708 1.78 181 












































oe Table 3. Number of calories and amounts of carbohydrates, proteins, 
and fats in foods distributed in three areas! of The Netherlands to various age groups 
and to different types of workers, October, 1944 to December, 1945. 








YEAR CALORIES CARBOHYDRATES PROTEIN Fat 
AND No. Gms. Gms. Gms. 
QUARTER 


| North- North- North- North- 
West | east | south west | east | south west | east | south West | east | south 
INFANTS ? 








IV 1,298 | 1,404 | 1,321 | 188 | 226 | 195 44 45 46 36 38 36 


1,154 | 1,287 | 1,529 | 178 | 183 | 226 42 44 50 26 38 4d 
II 1,776 | 1,649 | 1,744 | 241 | 235 | 256 60 58 56 59 49 51 
Ill 1,664 | 1,708 | 1,825 | 219 | 236 | 249 57 57 60 

IV 1,672 | 1,672 | 1,663 | 234 | 234 | 233 54 53 53 54 54 53 














PRESCHOOL * 

1944 
ses 1,205 | 1,404 | 1,321 | 188 | 226 195 te 45 46 26 38 36 
I 865 | 1,287 | 1,529] 1 1 226 28 44 50 12 38 44 
II 1,644 | 1,649 | 1,747 | 225 235 | 2 58 54 55 49 52 
III 1,696 | 1,730 | 1,819 | 225 240 | 254 58 58 59 56 59 
IV 1,744 | 1,744 | 1,735 | 248 | 248 245 56 56 56 54 53 

SCHOOL AGES 4 

1944 
oes 1,073 | 1,401 | 1,256 | 184 249 221 31 39 41 19 23 19 
I 664 | 1,284 | 1,778 | 119 224 308 19 37 58 10 22 31 
II 1,460 | 1,729 | 2,016 | 204 276 331 48 60 59 47 39 46 
III 2,1 2,221 18 348 69 69 67 62 57 57 


. 299 | 3 
IV 2,321 | 2,321 | 2,312 | 372 | 372 371 70 70 69 55 55 55 








1,044 | 1,390 | 1,261 | 178 | 246 | 224 29 39 41 19 23 19 
619 a 1,905 | 112 | 223 | 349 16 36 57 10 22 26 


Ill 2,345 | 2,275 | 2,303 | 345 | 361 385 71 73 65 59 54 50 
IV 2,523 | 2,523 | 2,418 | 415 | 415 | 406 76 76 70 55 55 51 








1,035 | 1,380 | 1,241 | 176 | 244 | 220 29 39 41 19 23 19 


619 | 1,276 | 1,642 | 112 223 294 16 36 50 10 22 25 
II 1,376 | 1,623 | 1,793 | 211 264 312 41 56 51 39 34 33 

5 2,0 2,005 | 313 320 328 61 63 57 54 49 47 
2,179 | 2,178 | 2,156 | 359 359 356 62 62 61 50 49 48 


WORKERS ON LONG HOURS OR NIGHT WORK 








1,035 | 1,380 | 1,241] 176 | 244 220 29 39 41 19 23 "| 19 


I 619 | 1,276 | 1,755 | 112 | 223 | 313 16 36 53 10 22 28 
II 1,449 | 1,707 | 2,160 | 226 | 280 | 371 43 58 61 39 36 42 
III 2,373 | 2,411 | 2,374 | 376 389 | 387 70 75 67 60 56 56 
IV 2,553 | 2,594 | 2,539 | 420 | 428 | 418 72 73 72 58 58 55 








IV 1,035 | 1,380 | 1,241 | 176 | 244 | 220 29 39 41 19 23 19 


619 | 1,276 | 1,840 | 112 | 223 | 327 16 36 55 10 22 30 
II 1,512 | 1,771 | 2,435 | 239 | 290 | 418 44 60 68 | 39 37 48 
Ill 2,727 | 2,702 | 2,668 | 436 | 436 | 435 80 83 74 67 63 63 
IV 2,980 | 2,984 | 2,927 | 490 | 489 | 482 84 84 82 68 68 67 


WORKERS IN VERY HEAVY OCCUPATIONS 








IV 1,035 | 1,380 | 1,241 | 176 | 244 | 220 29 39 41 19 23 19 


619 | 1,276 | 2,039 | 112 | 223 | 360 16 36 60 10 22 34 

II 1,649 | 1,919 | 3,077 | 267 | 317 | 525 48 64 85 39 39 63 
Ill 3,336 | 3,380 | 3,331 | 540 | 552 | 543 96 | 102 92 80 76 79 
IV 3,704 | 3,790 | 3,705 | 599 | 615 | 601 103 105 102 90 91 89 















































1The three areas are: the western provinces of The Netherlands, including Noord-Holland, 
Zuid-Holland, and Utrecht; northern and eastern provinces, including Groninger, Friesland, 
Drenthe, Overyssel, and part of Gelderland; and the southern provinces, i.e., the areas south of 
the big rivers. 

2 Under 1 year of agc to August 4, 1945 in the western area, to September 1 in the northern 
and eastern areas, to June 9 in the southern area; thereafter under 2 years of age. 

3 Ages 1-3 years inclusive to August 4, 1945 in western area, to September 1 in northern and 
eastern areas, to June 9 in southern area; thereafter, ages 2-4 years. : 

‘In the western area, ages 4-13 years to June 2, 1945, ages 4-5 years June 3 to August 4 and 
ages 5-14 years thereafter; in the northern and eastern areas, ages 4-13 years to September 1, 1945; 
thereafter ages 5-14 years; in the south, ages 4-13 years to June 9 and thereafter ages 5-14 years. 

5 In the western area, ages 14-17 years to June 2, 1945, ages 6-17 years from June 3 to August 4 
and ages 15 to 20 years thereafter; in the northern and eastern areas, ages 14-17 years to Septem- 
ber 1 and thereafter ages 15-20 years; in the southern area, ages 14-20 years to June 9, and there- 
after ages 15-20 years. 














PRELIMINARY OBSERVATIONS ON DIURNAL AND 
OTHER VARIATIONS IN HEMOGLOBIN LEVELS’ 


Wa ter Wirxins, M.D., Px.D., anp RutH Biake y, B.S. 


N the course of making hemoglobin studies on large numbers 
| of individuals, primarily school children and teachers, we 

have carried out therapeutic tests with certain minerals and 
vitamins on persons having low hemoglobin levels. Adequate 
control groups always have been set up. 

In the first such study set up in Florida, which included 810 
school children, we were surprised to find that one subgroup 
which had received iron for several months showed an average 
decrease in hemoglobin level of cutaneous blood while the cor- 
responding control group showed an increase. This was rather 
disconcerting and caused us to check and recheck our procedures 
rather critically to convince ourselves that these variations were 
not due to alterations in the technique. 

In view of these peculiar results, we rechecked the hemoglobin 
levels of these two subgroups a few days later, duplicating the 
previous situation in every way in so far as possible. Results of 
this test were quite different. As compared with the initial tests 
done several months before, the control group was essentially 
unchanged while the group that received iron showed a small 
average increase in hemoglobin level. No explanation was at 
hand for this apparent shift in hemoglobin levels of these two 
groups within a few days. 

As part of our attempts at analysis of this situation we tested 
one small group twice during the same day as a preliminary 
check on duplicability of our technique. The results were still 
discomforting because differences of as much as 2.5 gms. per 
100 cc. were found on some individuals. However, after careful 
study of the data, it was noted that the lower values, in practically 


* From Nutrition Investigations and Services, Florida State Board of Health. 
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every case, were obtained during the afternoon, while the higher 
values were found in the morning. In view of this apparent insta- 
bility in hemoglobin levels, with a tendency toward lower values 
in the afternoon, we reexamined our data on the above-men- 
tioned subgroup receiving iron and its corresponding control 
group. We found that the initial test on the subgroup receiving 
iron had been done in the morning and the first recheck in the 
afternoon while the control group had been tested in the reverse 
order. The second recheck, however, had been done at the same 
time of day as the initial test several months before. 

Obviously such variations, if disregarded, potentially could 
have a marked effect on conclusions drawn from therapy in pri- 
vate practice or from therapeutic testing of groups. It seemed 
incredible that if such instability of hemoglobin values is usual 
that it was not generally known and was not given prominent 
consideration in the medical literature on hemoglobin. Also, why 
was it not mentioned in numerous textbooks on hematology, 
physiology, and biochemistry? However, Peters and Van Slyke 
(1) in their Quantrrative CiinicaL CHemistry I, page 549, give 
two references (2) and (3), and state that the authors of these 
two papers, after studies on very small groups, “agree in conclud- 
ing that in a given subject the difference between the lowest and 
highest hemoglobin content observed during the same day may 
amount to 20 to 30 per cent of the average content.” Peters and 
Van Slyke conclude: “The fact that a difference of 10 per cent 
between maximum and minimum hemoglobin content im a day 
is common, and that greater variations can readily occur, indi- 
cates the caution that must be used in interpreting single observa- 
tions of minor changes or deviations from usual normal levels.” 

McCarthy and Van Slyke (4) in 1939 studied eighteen young 
men for hemoglobin changes during the day using the carbon 
monoxide capacity method. The greatest change reported was 
11 per cent of the mean for the day. They state that values were 
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usually lower during the P.M. than the A.M., but that changes 
were inconstant. This is in accord with our initial findings. 

In 1945 Mole (5) reported an analysis of the data published by 
McCarthy and Van Slyke. He showed an average fall of about 
4 per cent in hemoglobin between 9 A.M. and 11 P.M., but that 
the changes which occurred between 9 A.M. and 5 P.M. (the 
working day) were not statistically significant. All of our tests, 
with the exception of one small group, have been made between 
9 A.M. and 5 P.M. 

In 1945 Johnson, et al. (6) reported that the average hemo- 
globin value for twelve men was 0.6 gm. lower at 7:30 P.M. than 
at 7 A.M. on one day, but on two other days the averages at 1 
P.M. and 3 P.M. were about the same as at 7 A.M. 

The studies mentioned above were on very small groups. The 
apparent instability of hemoglobin level, if true, could markedly 
interfere with our program of therapeutic testing unless better 
understood by us. Therefore, in order to get more specific infor- 
mation on large groups, we made it routine to test each indi- 
vidual both morning and afternoon. On a few individuals we 
have made tests throughout the course of the day. The results of 
these tests are described herein. 


CoMPARISON OF MorNING AND AFTERNOON HEMOGLOBIN VALUES 


The results of morning and afternoon hemoglobin determina- 
tions on 651 individuals are shown in Table I for six different 
groups. Most of the tests were done during the usual school day, 
i¢., between g A.M. and 3 P.M. Hemoglobin determinations on 
these six groups were done with four different “reading” instru- 
ments, including two photoelectric colorimeters of the alternating 
current type, one of the battery type, and one color block with 
prismatic glass standard. All were calibrated. Within a given 
group, the same colorimeter was used for the morning and after- 
noon tests. The same calibrated 20 cu. mm. pipet was used for 
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A.M. and P.M. tests. The A.M. and P.M. readings of each indi- 
vidual were made in the same glass tube, and were made under 
as nearly identical conditions as possible. Details of the method 
have been described by the authors (7). 

For each of the six groups the average hemoglobin level is 
lower in the afternoon than in the morning. This is true for both 
males and females, and there is little difference by sex for those 
in the same group. The average differences between morning 
and afternoon levels vary from 0.5 gm. to 1.0 gm. 

Individual differences between morning and afternoon vary 
widely. While the majority have shown a drop in the afternoon 
value, some individuals have shown a gain of as much as 1.6 gms. 
The numbers in each group with an increase in the afternoon, 
with no change, and with a decrease in the afternoon are shown 


Table 1. Mean hemoglobin values in the morning and in the afternoon for several 
groups of children and of adults examined in Florida. 














No. Mates FEMALes 
or Sus- 
Cotor- JECTS Mean Hb. | Dire. | Mean Hb. | Diff. 
IMETER AcE A.M.- A.M.- 


Group Usep | Rancg | M| F |A.M.j| P.M.| P.M. | A.M.| P.M.| P.M. 





Group A Battery 
Lumetron} 11-16 | 72 | 57 | 12.9] 11.9] 1.0 | 12.4] 11.5 | 0.9 


Group B Glass 
Standard | 6-18 |133 |129 | 12.7 | 12.2] 0.5 | 12.1 | 12.6] a5 


Group C Battery | 
Lumetron} 6-14! | 41 | 56 | 11.5 | 11.0] 0.5 | 11.8 | 11.2] 0.6 


Group D Klett- 
Somerson| Adults | 5 | 27 | 16.2 | 15.6] 0.6 | 13.8 | 13.2 | 0.6 


Group E A.C. i 
Lumetron} Adults | 16 | 49 | 14.2 | 13.2] 1.0 | 12.7 | 12.0] 07 


Group F Battery 
Lumetron| 12-19 | 66 33.4 | 12.6.1 0.5 






































1In addition to eighty-nine children, there are eight adult women in this group. 














Diurnal and Other Variations in Hemoglobin Levels 363 


in Table 2, and the mean difference and standard error of the 
difference are given. For every group the mean difference is very 
significant statistically. 

Readings for Group A, which is composed of 129 seventh and 
eighth grade children, were made with a battery type photoelec- 
tric colorimeter. Five children showed no change, 11 showed an 
increase in the afternoon, and 113 showed an afternoon decrease. 
The greatest increase was 1.6 gms. and the average gain was 0.4 
gms. for those who showed an afternoon gain. The greatest after- 
noon drop was 4.5 gms. Fifty-one children, or 40 per cent, showed 
a decrease of 1 gm. or more. 


Table 2. Distributions of differences between morning and afternoon hemoglobin 
values for individuals in six different groups examined in Florida. 














ToraL 
Susyects Numper or Supyects 
DiFFgRENCE 
A.M.-P.M. Num-| Per || Group} Group | Group | Group | Group | Group 
Grams ber | Cent A B Cc D E F 

Tora 651 99-9 129 262 97 32 65 66 
Higher P.M. 

-1.6-2.0 I 0.2 I 

“I.I-1.§ 3 0.5 I 2 

-0.6-1.0 13 2.0 2 7 I I 2 

-0.1-0.§ 55 8.4 7 30 8 3 I 7 
No Change 38 5.8 5 II 10 2 3 7 

Lower P.M. 

+0.1-0.5 198 30.4 19 89 31 14 24 21 

+0.6-1.0 204 31.3 50 67 41 8 21 17 

+I.1-1.5 95 14.6 22 42 6 5 10 10 

+1.6-2.0 27 4.1 9 12 4 2 

+2.1-2.5 12 1.8 10 I I 

+2.6-3.0 2 0.3 £ I 

+3.1-3.5 I 0.2 I 

+4.1-4.5 2 0.3 2 
Mean Difference +0.63 +0.91 | +0.54 | +0.45 | +0.59 | +0.70 | +0.48 
Standard Error ++0.026 +0.077| +0.038] -+0.042| -+0.105] -+0.068] +0.070 
St. Deviation 0.668 0.869] 0.609} 0.418] 0.595] 0.546] 0.569 
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The 262 children in Group B were in a consolidated school in- 
cluding grades one through twelve. Finger blood was used and 
the hemoglobin determinations were made by diluting 20 cu. mm. 
of blood in a calibrated tube to match a glass standard. As previ- 
ously reported (7) we have found this method quite satisfactory. 
We have been primarily interested in testing this method since 
many health departments throughout the country are using it. 
On this group the findings are essentially the same as with other 
groups tested by more refined methods. Eighty per cent of the 
children in this group showed an afternoon drop in hemoglobin 
level, the mean drop for the whole group being 0.5 gm. per 
100 cc. 

Group C is composed of eighty-nine rural school children and 
eight women teachers and cafeteria workers in the school. The 
determinations were made with a battery type Lumetron photo- 
electric colorimeter and 80 per cent of the group showed a de- 
crease in afternoon hemoglobin levels. The mean afternoon drop 
was 0.5 gm. The mean hemoglobin levels both in the morning 
and afternoon were rather low according to any standards. About 
50 per cent of these children were infested with hookworms. 

For Group D, composed of thirty-two school teachers includ- 
ing five men and twenty-seven women, morning and afternoon 
levels on capillary blood were made with a Klett-Somerson pho- 
toelectric colorimeter which had been calibrated to allow thirty 
minutes for acid hematin color development. All the men except 
one showed an afternoon drop in hemoglobin level; and their 
mean drop was 0.7 gm. Two of the women showed no change 
between morning and afternoon, one showed an increase, and 
twenty-four showed a decrease. The mean afternoon drop for the 
entire twenty-seven women was 0.6 gm. 

This group differed from the others in that the first test was 
done one afternoon between two and three o’clock, and the 
morning test was done on the following morning between nine 
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and ten o’clock. This sequence was used since there had been 
some question in our minds as to whether the higher levels usual- 
ly obtained in the morning might not be due partially to the 
greater apprehension or excitement which most likely would 
occur at the first test. However, in spite of having done the 
afternoon test first, the majority of this group showed a lower 
capillary blood hemoglobin level in the afternoon. 

Group E included sixty-five teachers, forty-nine women and 
sixteen men. The greatest afternoon drop among the men was 
2.2 gms. and the mean difference was 1.0 gm. Every man in the 
group had a lower hemoglobin value in the afternoon. Of the 
forty-nine women, two showed an increase during the afternoon, 
three showed no change, and forty-four showed a decrease, the 
greatest decrease being 2.0 gms. and the mean 0.7 gm. The morn- 
ing tests were done between 10 and 12 o’clock and the afternoon 
tests between 2:30 and 4:40. The determinations were made on 
an alternating current type Lumetron photoelectric colorimeter 
which was calibrated for a five-minute color-development period 
for acid hematin. 

The sixty-six high-school boys who comprise Group F were 
members of three football teams and they were tested with a bat- 
tery type photoelectric colorimeter, as were Groups A and C. 
These boys were used as subjects for special tests to obtain data on 
the effect of exercise on hemoglobin levels and these data are dis- 
cussed below. Values used for Tables 1 and 2 are from determi- 
nations made before exercise in the morning and in the after- 
noon. This Group shows results similar to those obtained for the 
other Groups. 


HeEMocLoBIN CHANGES THROUGHOUT THE Day 


All of the tests discussed above were done once in the morning 
and once in the afternoon, the actual times being quite variable. 
We felt that a small group should be tested several times during 
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the day using both venous anid capillary blood. For this purpose, 
twenty-four college girls, aged 18 to 26, volunteered for five veni- 
punctures and five finger pricks during a single day. Data for 
three girls are omitted bere 

: ‘ Table 3. Average hemoglobin values at dif- 
because one gir 1 missed ferent hours of the day for college girls tested 

five times during one day on both a venous 

the late afternoon test, and capillary blood specimen at each test. 
another missed the eve- 








ning test, and the third Capillary | Venous 
. : : Time of Test Hemoglobin | Hemoglobin 
fainted immediately af- (Approximate) Mean Gms. | Mean Gms. 
ter the venous blood 
] de 11 Subjects: 
sample was drawn at 7AM. 2895 7 
the two o'clock test and 1% — a — 
‘ 2 P.M. 11.87 11.87 
her hemoglobin level at 4p.M. 11.68 11.89 
this test was much 8 P.M. 12.01 11.93 
lower than that for any Average for Day 12.22 12.16 
of the other tests. Du- ,, subjects: 
plicate or triplicate — 13-15 277 
‘ 12 Noon 12.7 12. 
hemoglobin tests were 3 P.M. ep tapi 
done on each venous 5 P.M. 11.79 11.74 
; 9:30 P.M. 12.27 12.26 
and capillary blood 
sample. The acid hem- 48 for Day st ad 














atin method was used 
and the readings were made with a battery-type Lumitron photo- 
electric colorimeter. 

The twenty-one girls for whom average hemoglobin values are 
shown in Table 3 are divided into two groups. For one group, the 
hours at which tests were made were as follows: between 6:30 
and 7:30 A.M. except for one test at about 8 o'clock, between 
9:30 and 10:30 A.M., between 1:30 and 2:30 P.M., between 3:30 
and 4:30 P.M., and between 7:30 and 8:30 P.M. except for one 
test at about 9 o’clock; for the second group, the tests were made 
at the following hours: between 7:30 and 8:30 A.M., between 
11:30 A.M. and 12:45 P.M. except for one test at 11 o'clock, be- 
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Fig. 1. Diurnal variation in hemoglobin levels of twenty-one college girls tested 
five times in one day. Average grams of hemoglobin per 100 cc. of whole blood for 
eleven girls tested at approximately the same hours and for another group of ten 
girls tested at approximately the same hours. 


tween 2:45 and 3:30 P.M., between 4:45 and 5:45 P.M., and be- 
tween 9 and 10 P.M. except for one test at 8 o'clock. Average 
values for each group for both venous and capillary blood at the 
five examinations are shown in Figure 1. 

The curves for venous and capillary blood show a distinct 
tendency to be parallel. However, early in the morning, mean 
hemoglobin levels for capillary blood were somewhat higher? 
than those for venous blood. The principal drop in hemoglobin 
values, in both capillary and venous blood, occurred between the 
10 and 2 o'clock tests and between noon and 3 P.M. The values 
continued low or showed a further slight decline in the late 
afternoon. The average evening values at 8 o’clock on venous 
blood are the same as in the afternoon, but on capillary blood a 
slight but significant increase over the 4 o’clock average is shown 


* For the 105 hemoglobin determinations on both venous and capillary blood, the mean 
difference is 0.07 = 0.04 gm., and the difference is not significant. At the early morning 
test, much higher capillary than venous values were obtained for three subjects, the 
differences being 1.3, 1.4, and 1.8 gms.; no other differences exceeded 0.9 gm. 
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(P. is .02-.05). The average values at 9:30 P.M. on both venous 
and capillary blood are significantly higher than at 5 o’clock. 

Most of the individual curves corresponded in general with the 
group pattern. Six of the eleven girls had their minimum capil- 
lary value at 4 o'clock, four at 2 o’clock, and one had the same 
minimum value at 2 and also at 4 o’clock; on venous blood, nine 
of the eleven girls had a minimum value at either 2 or 4 o'clock 
but two of them had a minimum value at 8 o’clock. In the other 
group of ten girls the capillary value was at a minimum at 5 
o'clock for eight and at 3 o’clock for two; the venous value was 
at a minimum at 5 o'clock also for eight, at 3 o’clock for one girl 
and at 8 A.M. and 10 P.M. for one girl. 

The five greatest differences in capillary blood during the day 
were 1.6, 2.0, 2.0, 2.1, and 2.9 gms. The five greatest drops in 
venous blood hemoglobin were 1.5, 1.6, 1.7, 1.8, and 2.1 gms. 
All represented differences between morning and afternoon. 
These changes in both capillary and venous blood show very def- 
initely that, under the conditions of this experiment, blood hemo- 
globin is quite variable during the day. One hemoglobin deter- 
mination on an individual, even when carefully and accurately 
made, may give results quite different from another determina- 
tion made at some other time. 

Five determinations during the day, of course, greatly increase 
the chance of getting blood samples near the maximum and min- 
imum hemoglobin levels as compared with taking only two sam- 
ples during the day. This would account for the higher -percent- 
age of the twenty-one college girls showing greater changes in 
hemoglobin levels during the day than did any other group. It 
seems likely that actual differences between the morning maxi- 
mum and the afternoon minimum may be greater than shown 
by the mean differences observed when only two tests are done, 
since the chances are against getting the two samples at the exact 
times that these extremes occur in the blood stream. 
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Fig. 2. Average hemoglobin levels before and after exercise for tests made in the 
morning and again in the afternoon on sixty-six high school boys classified accord- 
ing to age. 


EFrrect or SEVERAL Factors ON HEMOGLOBIN LEVEL 


In order to check certain factors which are thought or known 
to produce fleeting changes in hemoglobin level, on limited 
groups we have recorded pulse rates at the time the blood was 
taken, made tests before and after exercise, and tested individuals 
who skipped the mid-day meal. 

“Excitement.” We have observed repeatedly that individuals 
coming up for blood tests, although attempting to appear calm, 
actually may be quite excited. Excitement is said to increase the 
blood hemoglobin level ((1), p. 557). To check this on a larger 
scale, we took pulse rates on several hundred children and adults 
at the time the morning and afternoon blood specimens were be- 
ing taken. In a typical group of 361 children, pulse rates averaged 
104 both in the morning and in the afternoon. There seemed to 
be no correlation between pulse rate as such and temporary 
hemoglobin level. 

“Exercise.” Figure 2 shows the finger blood hemoglobin levels 








370 The Milbank Memorial Fund Quarterly 


of sixty-six high school boys before and after exercise, both 
morning and afternoon, by age groups. There was an increase 
in the “resting” hemoglobin level with age, which is to be ex- 
pected for boys of high school age. As previously shown (Group 
F, Tables 1 and 2), resting levels are lower in the afternoon and 
this is consistent for the different age groups. The exercise con- 
sisted of a ten-minute trot on a cinder track followed by a one- 
minute rapid sprint. 

After exercise, the average hemoglobin level was higher than 
before exercise both for the morning tests and the afternoon 
tests. The mean difference for the total group in the morning is 
0.39 gm. and in the afternoon is 0.66 gm.; both of these differ- 
ences are statistically significant. A greater elevation in hemo- 
globin after exercise for the afternoon tests is consistent for each 
age group, and the greater increase in the afternoon than in the 
morning is statistically significant. 

The distribution of individual differences between resting 

Table 4. Individual differences between hemoglobin values obtained before and 


after exercise from tests made in the morning and the afternoon on sixty-six boys 
ages 12-19 years. 




















DirrerENCE Morninc Tests AFTERNOON TESTS 
(After Ex.-Resting) 
Hb. Gms. Number Per Cent Number Per Cent 
Torat 66 99.9 66 100.0 
-0.6-1.0 2. 3.0 I 1.5 
-0.1-0.5 8 12.1 2 3.0 
No Change 10 15.2 4 6.1 
+0.1-0.5 22 33.3 17 25.8 
+0.6-1.0 20 30.3 33 50.0 
+1.1-1.5 2 3-0 7 10.6 
+1.6-2.0 ° I 1.5 
+2.1-2.5 2 3.0 I 1.5 
Mean Difference +0.39 +0.66 
St. Error +£0.070 40.059 
St. Deviation 0.566 0.479 
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hemoglobin values and after exercise values is shown in Table 4. 
In the morning ten subjects showed a drop after exercise and 
ten showed no change, leaving forty-six, or 70 per cent, that 
increased. In the after- [Gays 
noon, only three cases | 154 
showed a decrease after 
exercise, four showed 
no change, and fifty- 
nine, or 89 per cent, 
showed an _ increase. 
The maximum increase 
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above are shown in classified according to age. Grams of hemoglobin 


Figure 3 for seventy- per 100 cc. of venous blood. 

eight boys 12 years of age or older. At each age, the average 
hemoglobin level after exercise is higher than before exercise. 
The increase with exercise is 0.2 to 0.5 gm. for the different age 
groups. 

“Effect of Mid-Day Meal.” We have not as yet studied this 
factor on a large scale but have merely observed that individuals 
who skipped the mid-day meal, for one reason or another, 
showed no trend in hemoglobin values different from those who 
had a large one. This is now being studied on larger groups. 

“Temperature.” Most of our work has been done either in 
school buildings or in a trailer-laboratory. Thus it has not been 
possible to control the temperature. Study of our data seems to 
show a slight trend toward less afternoon drop in hemoglobin 
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level when the weather was unusually cool in the afternoon. 
This, however, is a very preliminary observation. Plans are under 
way to study this more specifically on a group of college students. 
We have arranged to use the facilities of a cold storage plant hav- 
ing large rooms maintained at different temperatures. 


SUMMARY 


Data on morning and afternoon hemoglobin determinations 
are presented for 651 adults and children. These show appreciable 
variation during the day and the majority of individuals tested 
show lower levels in the afternoon. This was found for deter- 
minations on venous and on capillary blood. 

Twenty-one college girls were tested five times during the day 
from 7 A.M. to 10 P.M. for hemoglobin values on both venous 
and capillary blood. The highest values obtained were in the 
morning for every subject and the lowest were between 2 and 5 
o'clock in the afternoon with the exception of three subjects for 
whom venous values, but not capillary, were lowest at 8 to 10 
P.M. There was a significant tendency for values to rise in the 
evening above the afternoon minimum value. 

Aided by grants from the Milbank Memorial Fund, the Williams Waterman Fund for 


the Combat of Dietary Diseases, and the Nutrition Foundation. 
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HEMOGLOBIN VARIATIONS FOR WOMEN ON 
IRON THERAPY FOR THIRTY-ONE MONTHS’ 


Dorotny G. WIEHL AND H. D. Kruse, M.D. 
AW investigation of the effect of prolonged iron therapy on 


hemoglobin levels of women with slightly subnormal 

values at an initial examination was undertaken in 
April, 1943. The increase in the hemoglobin level and the indi- 
vidual variation in hemoglobin values shown by determinations 
at approximately six-month intervals over a two and one-half 
year period on therapy have been studied. A comparison is made 
of the results obtained with reduced iron and with feosol. 

For a control group of women who received no iron therapy, 
hemoglobin values were obtained at the same intervals over the 
two and one-half years. The long-time and periodic individual 
changes in hemoglobin values for this group also are presented. 


DEscrIPTION OF THERAPY AND ConTROL GROUPS 


The women who participated in this investigation were nurses 
employed by a visiting nurse agency in New York City. Their 
ages ranged from 18 to 58 years, but about three-fourths of the 
group were between ages 25 and 39 years at the initial examina- 
tion in October, 1942. Of 107 women examined initially, eleven 
were colored; and data for the two groups are considered sepa- 
rately in the following analysis. 

On the basis of the hemoglobin values obtained in October, 
1942, the therapy subjects were selected. All persons with values 
less than 11.5 gms. were placed in the therapy group. These in- 
cluded seven white and three colored women, of whom three 
white and two colored women were given reduced iron and the 
others were given feosol. Another ten subjects for therapy were 
selected at random from those having hemoglobin values be- 


+ From the Milbank Memorial Fund, New York. 
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tween 11.5 and 11.9 gms. inclusive. The total group for reduced 
iron therapy included seven white and four colored women; the 
feosol group included eight white women and one colored 
woman. 

Since approximately six months elapsed before therapy was 
distributed, the hemoglobin levels of some of the therapy subjects 
may have been considerably higher or lower at the time therapy 
was begun than at the initial examination. Thus, the therapy 
group may be described as comprising persons who at a previous 
examination had moderately or slightly subnormal hemoglobin 
values. Regardless of the spontaneous changes that may have 
occurred in the six-month interval before beginning therapy, the 
hemoglobin levels following one to two and a half years of 
therapy are of interest. 

All the women used as “controls” in this Study of iron therapy 
and the total nontherapy group were subjects during the two and 
a half years for an investigation of the effect of vitamin therapy 
on selected specific signs. They were divided into five groups and 
subjects in each group received only one vitamin. An analysis of 
the hemoglobin values for the five groups indicated no signifi- 
cant difference among them with respect to hemoglobin values 
at any examination. 


METHoDs OF THE STUDY 

Subjects on reduced iron and those receiving feosol were given 
approximately the same amount of iron, 60 and 63 mgs. per day, 
respectively. The reduced iron was in 15 mg. tablets which were 
to be taken four times a day; the daily dosage of feosol was 
in a single tablet. Therapy for a two-month period was distrib- 
uted to the subjects regularly. There was ne way to observe 
whether the therapy was taken regularly, but the subjects had 
volunteered and were extremely interested. Although undoubt- 
edly some occasionally missed taking their therapy, it is believed 
that any marked irregularity or interruption in taking therapy 
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would have been reported by those who remained in the Study 
and returned for reexaminations. 

The first reexamination was made in July, 1943, or ten to 
twelve weeks after therapy was started and about nine months 
after the initial examination had been carried out. Later reex- 
aminations were at approximately the following intervals after 
therapy started in April, 1943: 7 months, 12 months, 19 months, 
25 months, and 31 months. Over so long a period it was inevitable 
that the number remaining in the Study would gradually dimin- 
ish, especially since many of these nurses left to enlist in military 
service. Details of the changes in numbers will be given in the 


_ analysis, but it may be mentioned here that only one of the twen- 


ty persons on either form of iron therapy left the Study before 
completing one year of therapy. 

The hemoglobin determinations were made on 20 cu. mm. of 
finger-prick blood by the Evelyn method for photoelectric deter- 
mination of oxyhemoglobin. The same Evelyn photoelectric 
colorimeter was used for all determinations. Average hemoglobin 
values for two blood samples, one from the left and one from the 
right hand, are used throughout the Study except for the initial 
examination when only one determination was made for each 
person. Two technicians made all the hemoglobin determinations 
and, with a very few exceptions, one technician made all deter- 
minations for a given examination period. Hemoglobin values 
were computed to the nearest 0.1 gm. 


IntT1AL HEMOGLOBIN FINDINGS 


The initial hemoglobin levels of the 107 women examined in 
October, 1942 are shown in Table 1 by color and age of the sub- 
jects. The average hemoglobin value for the ninety-six white 
women was 12.67 gms. and for the eleven colored women was 
11.87 gms. Two white women and no colored women had less 
than 10.0 gms. of hemoglobin per 100 ml. of blood; seven white 
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women (7.3 per cent) and three colored women (27.3 per cent) 
had less than 11.5 gms. of hemoglobin. The range for hemo- 
globin values was wide and two white women had values over 
15 gms. (15.2 and 15.3 gms.), but the maximum for the colored 
women was 13.6 gms. The average hemoglobin level for the 
eleven colored women is significantly lower than would be ex- 
pected if these women were a random sample of the total 107 
women examined. 

There is an apparent upward trend in the average hemoglobin 
values as age increased for the white women, with the striking 
exception of the age group 40-49 for which the average hemo- 
globin value is the lowest of any age group although only very 


Table 1. Hemoglobin values for ninety-six white women according to age and for 
eleven colored women at initial examination in October, 1942. 














CotorED 
Noumser or Waite Women sy Acz Groups Women 
Hemociosin 
Leven All | 18-29! | 30-34 | 35-39 | 40-49 | so59 | All 
Gms. Ages | Years | Years | Years | Years | Years | Ages? 

Torau 96 30 23 26 13 4 II 

8.18 I I 

9-39 I I 

10.0-10.9 3 2 I 2 

II.0-11.4 2 x I £ 

I1.§-11.9 20 10 3 4 3 4 

12.0-12.4 16 4 6 3 3 2 

12.§-12.9 16 3 4 6 3 

13.0-13.4 12 3 S 5 I I 

13.§-13.9 15 2 3 5 * 3 I 

14.0-14.4 6 oy 3 I 

14.5-14.9 2 I I 

15.0+ 2 I I 
Mean 12.665 | 12.360 | 12.625 | 13.059 | 12.331 | 13.705 | 11.871 
St. Error +.118 | +.258 | 4.229 | 4.176 | 4.243 | +.126 | +.296 
St. Deviation 1.15 1.41 1.10 .897 875 252 .981 
































1Five women were under 25 years of age and of these one had a hemoglobin level less than 12.0 
gms. (11.7 gms.). 


2Numbers of colored women by age were: 2 under 30 years; 2 aged 30-39 years; 3 aged 40-49 
years; and 2 aged 50-59 years. 
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slightly lower than at ages 18 to 29 years. However, in each age 
group the variation in hemoglobin values is great and an analysis 
of variance for the three age groups under 40 years indicates that 
differences in the means for these three groups are within limits 
expected as a result of random sampling. Also, the average for 
the thirteen persons in the age group 40-49 years does not differ 
significantly from the total group under 4o years of age. Thus, 
these data give no evidence of significant age variations in hemo- 
globin values. 


ADJUSTMENTs IN REEXAMINATION VALUES FOR TECHNICAL 
VaRIATIONS IN HEMOGLOBIN DETERMINATIONS 


Before the reexamination data were analyzed for evidence of 
effects of iron therapy, technical and error variation in the de- 
terminations were studied. Results of this study of the accuracy 
of the determinations have been reported (1) in detail. Compari- 
son of the hemoglobin values obtained for nontherapy subjects at 
the first six of the seven examination periods indicated approxi- 
mately constant average values at four periods and higher aver- 
age values at two periods, the second and sixth examinations. 
Both of the higher averages were obtained by one of the techni- 
cians (C). On the basis of these findings and a special compara- 
tive study of the technicians made since the publication of the 
report, it was concluded that this technician had not maintained 
a constant technique and had a tendency to obtain higher values 
than the other technician. Presumably this is due to a slightly 
different standard of measuring the blood sample. This technical 
bias introduced into the serial examinations has necessitated some 
adjustment in the data for purposes of evaluating individual 
changes. 

To adjust the relatively higher determinations obtained at the 
second and sixth examinations so that the average difference 
would be eliminated, a deduction of 0.5 gm. was made from 
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every individual determination in these periods. Although this 
adjustment removes the average difference, which, it is believed, 
was a fairly constant bias” in these periods, the periodic changes 
in individual values undoubtedly are affected by a residual varia- 
tion due to the fact that the bias was not entirely constant. 

A slight adjustment in individual determinations obtained in 
the third examination period by the other technician (B) was 
made in order to bring the average for the period more closely 
into line with the constant average used as a base line. Values in 
the third period were increased 0.1 gm. This adjustment makes 
allowance for significantly lower values obtained on left than on 
right-hand blood specimens in this period.’ 

All individual hemoglobin values in the seventh period were 
adjusted by reducing each value by 0.24 gm. The average for non- 
therapy subjects in this period was higher by this amount than 
that for the same subjects examined previously by the same tech- 
nician. No explanation for a shift in the level of the determina- 
tions in the seventh period (made by technician B) has been 
identified, but it has seemed best to maintain the general average 
for this period. 

In summary, the values used for the first, fourth, and fifth ex- 
aminations are the original determinations obtained by the tech- 
nicians. Adjusted values* are used for the other four examinations 
as follows: values at the second and sixth examinations are 
reduced 0.5 gm.; determinations at the third examination are 
increased 0.1 .gm.; and those at the seventh examination are re- 


*In the periods in which the technician obtained relatively high values, the error 
variation for his duplicate determinations (right and left hands) was about the same as in 
the period in which he obtained lower values; and the error variation for this technician was 
very similar to that for the other technician. See (1). 


In the previous report (1), this bias is discussed. The mean difference for the right and 
left-hand specimens was .16 gm. and it is thought to be due to imperfect drying of the 
pipet between specimens. The mean difference in other periods varied from .02 to .o5 gm. 


* For computation of the amounts to adjust values at the different periods, average values 
at different periods for the same individuals were used. Mean values for selected groups or 
for different individuals continue to vary somewhat at various periods. 
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duced 0.24 gm. It is unfortunate that these adjustments were nec- 
essaty, and it may seem that they have complicated the analyses 
presented in this evaluation of hemoglobin changes. However, 
the arbitrary elimination of periodic changes resulting from 
a technical bias permits the changes due to other factors to be 
seen more clearly. Since the adjustment is constant for every in- 
dividual in any period, measurements of variation within the 
period are not affected, and means for special groups of subjects 
are affected equally so that differences between them are not 
affected. 


HeEmoctosin CHANGES AFTER IRON THERAPY 
Comparison of Reduced Iron and Feosol. Data on the hemo- 
globin values obtained at various intervals from 10-12 weeks to 
31 months after beginning therapy are shown in Table 2 for the 
seven white women taking reduced iron and the eight white 
women taking feosol. For each group the average hemoglobin 
level and standard error of the average and the range of values 


Table 2. Hemoglobin values (grams per 100 ml.) for white and colored women 
on iron therapy for two and a half years. 











REDUCED IRON FEOSOL IRON OR FEOSOL 
Cotor Group 
AND Periop |Num-/ Mean and Num-} Mean and Num-| Mean and 
OF THERAPY ber | St. Error Range ber | St. Error Range ber | St. Error 
White 
L. Initial Exam.| 7 |11.16+.353] 9.4-11.9] 8 |10.93+.444] 8.2-11.9] 15 | 11.03-+.280 
II, 10-12 Weeks} 5 | 12.60+.444| 10.9-13.5| 8 | 12.58+.209/ 11.8-13.7] 13 | 12.58+.202 
III. 7 Months 6 |12.55+.565|11.1-14.4] 8 | 12.99+.264] 11.9-14.1] 14 | 12.80+.279 
IV. 12 Months 6 |12.30+.137| 11.9-12.7| 8 | 12.69+.330/ 11.3-14.4| 14 | 12.52+.199 
V. 19 Months 5 |12.72+.271/] 11.9-13.6} 4 | 12.68 12.5-12.9 9 | 12.70+.147 
VI. 25 Months 4 |12.48 11.1-13.6| 3 {12.10 11.5-12.5 7 | 12.31+.309 
VII. 31 Months 3 | 12.73 11.9-13.3} 3 | 12.80 12,6-13.0 6 | 12.77+.198 
Colored 
I. Initial Exam.| 4 | 11.13 10.0-11.9] 1 |11.2 5! | 11.14+.336 
II, 10-12 Weeks} 4 | 11.73 -| 10.8-13.0} 1 |10.6 5 | 11.50+.456 
III. 7 Months 3 | 12.53 11.8-13.2} 1 |11.1 4 | 12.18+.459 
IV. 12 Months 4 |11.93 11.3-12.3] 1 |12.6 5 | 12.06+.220 
V. 19 Months 3 | 12.53 12.0-13.5| 1 [12.7 4 | 12.58+4.345 
VI. 25 Months 3 | 12.43 11.7-13.7} 1 |10.9 4 | 12.05+.591 
VII. 31 Months 3 | 12.43 10.9-13.3} 1 |12.3 4 | 12.40+.545 
































For the four women who continued therapy for 31 months, the average hemoglobin was 11.43 + 
-229 gms. at the initial examination. 
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is shown. It will be noted that not every case was reexamined 
at each period. After 10 to 12 weeks of therapy, the two groups 
had almost identical average values, the means being 12.60 and 
12.58 gms.’ The maximum value obtained for any person also 
was about equal for the two groups, being 13.5 gms. for those on 
reduced iron and 13.7 gms. for those on feosol; but the minimum 
values differed and one subject taking reduced iron (this person 
had an initial value of 9.4 gms.) still had only 10.9 gms. of hemo- 
globin per 100 ml. compared with a minimum finding of 118 
gms. among the feosol cases which included one with an initial 
value of 8.2 gms. There was, however, no real difference between 
these two therapy groups after 10-12 weeks of therapy. 

Only small differences which are not significant statistically 
are found for the mean hemoglobin values for the two therapy 
groups at every reeexamination period throughout the 31 months. 
After the first 12 months, the numbers of persons continuing on 
therapy decreased and at the examination after 31 months of 
therapy only three cases remained in each group. No significant 
further increase in hemoglobin values is indicated after the first 
12 weeks for either group. The general level remained static and 
there was no difference between the groups in the occurrence of 
high individual hemoglobin values or of low values. For these 
few subjects the response to reduced iron and to feosol over the 
31 months was nearly identical. 

Periodic Variation. Although the average level remained fairly 
constant, individual values varied to a considerable degree from 
one period to another. Some examples of individual periodic vari- 
ation while on therapy may be cited. The subject with the low- 
est initial hemoglobin value in the series (8.2 gms.) had reached 
12.0 gms. after 12 weeks of therapy and at the five later examina- 
tions her hemoglobin values varied from 12.3 to 12.9 gms. which 

5 These averages after 10-12 weeks of therapy are significantly higher than the averages 


for the initial examination, but the increase cannot be attributed to the therapy since the 
initial values were obtained six months before therapy started. 
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probably is within the limits of accidental variation. The subject 
with the next lowest initial hemoglobin value (9.4 gms.) showed 
a much slower increase in hemoglobin values; at the second, 
third, and fourth examinations her values were 10.9, 11.1, 11.9 
gms., respectively, and at the fifth examination (19 months on 
therapy) the value rose to 13.6 gms. but six months later it had 
dropped again to 11.1 gms. Another case with an initial hemo- 
globin value of 10.9 had a value of 13.7 gms. after 12 weeks of 
therapy and 14.1 gms. after 7 months of therapy but after 12 
months of therapy her hemoglobin value declined to 12.1 gms. 
A subject with a hemoglobin value of 14.4 gms. after 7 months 
of therapy had a value of 11.9 gms. at the next two examinations. 
Thus, the changes in hemoglobin values obtained at intervals over 
many months suggest that even on continuous therapy a number 
of these women failed to maintain moderately good hemoglobin 
levels. 

A statistical measure of this variation in individual hemoglobin 
values from period to period is given in Table 3. For eleven 
women who were reexamined in the second, third, and fourth 
periods, i.e., after 10-12 weeks, 7 months, and 12 months of thera- 
py, the variation in the three hemoglobin determinations from 
their individual mean levels for these periods gives an average 
standard deviation of .7o gm. For six women who continued 
therapy for the entire 31 months, the standard deviation for their 
individual variation in values obtained after 19, 25, and 31 months 
is 67 gm. Of the six women who remained on therapy for 31 
months, five received all six reexaminations. The standard devia- 
tion for their individual periodic variation for six examinations 
is 62 gm. 

The analysis in Table 3 also shows that the eleven women on 
therapy for one year who were reexamined three times in this 
year did not differ with respect to their mean hemoglobin levels 
more than might be expected from chance in view of their large 
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individual periodic variation. The average hemoglobin level for 
this group for these three reexaminations was 12.65 gms., and the 
individual mean values ranged from 11.30 to 13.30 gms. Simi- 
larly, the six women on therapy for 31 months did not differ 
significantly in the last three reexaminations. Their mean hemo- 
globin level after 19 to 31 months of therapy was 12.64 gms., and 
the range in individual means was 12.20 to 13.07 gms. However, 
the individual mean values for the five women with all six post- 
therapy reexaminations did differ significantly and suggest that 
there was some tendency for the women to differ in their re- 
sponse to therapy. For the six examinations in a 28-month period, 
the average hemoglobin level of the five women was 12.50 gms. 
and the range in individual means was 11.75 to 12.95 gms. 
Hemoglobin Changes for Colored Women on Therapy. He- 
moglobin values for the five colored women who received therapy 
are shown in Table 2. Since only one colored woman received 
feosol and since there was no difference in the therapeutic re- 


Table 3. Analysis of variance for white therapy subjects showing mean periodic 
individual variation in hemoglobin values and significance of differences among 
individual mean levels for several reexaminations. 





StranDarD 
Degvi1aTION 

ExaMINATION Pgriops DEGREES FOR 
AND OF Varrance| Pros- INDIVIDUAL 


Source or VartaTIOoN | Freepom | Vartance| Ratio (F)| asmrry | Variation 





Periods II, III, and V 


Among Person Means 10 -9882 2.00 > .0§ 

Individual Periodic Var. as. -4936 -703 
Periods V, VI, and VII 

Among Person Means 5 -3286 ° 

Individual Periodic Var. 12 4483 .670 
Periods II-VII 

Among Person Means 4 1.3320 3.42 .OI-.0§ 

Individual Periodic Var. 25 .3897 624 




















*Individual periodic variation greater than variance for person means. 
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sponse to reduced iron and to feosol for white women, only the 
results for the total colored group will be considered. After 10 to 
12 weeks of therapy, the average hemoglobin value for the five 
colored women was 11.50 gms. and not significantly higher than 
the average value at the initial examination about 9 months pre- 
vious. After 7 months of therapy, the average hemoglobin value 
for the four colored women who were reexamined had risen to 
12.18 gms. and thereafter the average value for this group showed 
no consistent increase although at 19 months after therapy a max- 
imum average of 12.58 gms. was obtained. Only the average for 
this period is significantly higher than the initial average of 11.43 
gms. for the same four women. Thus, there is evidence of only 
slight improvement among the colored women. 

At every examination after therapy, the average hemoglobin 
value for the four or five colored women was somewhat lower 
than the average value for white women at the same period. This 
difference is statistically significant® at the second examination 
(10 to 12 weeks after beginning therapy) but it is not significant 
at any other period. The experience with this small group of 
colored women suggests that their improvement in hemoglobin 
levels on therapy was less than that for whites. However, the 
colored women, as the white women, varied greatly in their re- 
sponse and a definite conclusion that the difference observed here 
is characteristic or typical is not warranted. Experience with 
larger numbers of women is needed. 


‘THERAPY AND CoNTROL SUBJECTS 
In order to evaluate the improvement in hemoglobin values 
shown by the white”? women taking iron therapy, the values ob- 


* At the second examination, the difference between means (white-colored) is +-1.08 
gms., the standard error of the difference is +.427, and P is .o1-.05. The maximum differ- 
efice at any other period (third) is +-.625 -+.578 gm. and is not significant. Furthermore, 
analysis of variance for periods III and IV indicated no significant difference in means for 
color groups and a similar result was obtained when periods V-VII are combined. 

* Comparison with a control group is limited to the white women although the colored 

(Continued on page 384) 
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Controt- 
Mzan Ha. | Stanp-| Tuerapy, 
ExaMINATION Periop Num-| Gms. anD | arp Dsz-| Drrrerence 
AND Group BER | St. Error | vIATION|AND Sr. Error 
II Therapy 10-12 Weeks 
Therapy—Total 13, | 12.584.202 | .730 | —.113 +.220 
** —Initial Hb. 11.5 6 | 12.37 +.407 997 | +.105 +.298 
3 Sonn 7 | 12.77+.146| .386 —.300 +.172 
Control maemo 14 | 12.47+%.097| .365 
III Therapy 7 Months 
Therapy—Total 14 | 12.80+.279] 1.042 | -.120+.425 
** Initial Hb. 11.5 7 | 12.27-%.422 | 1.116 | +.409+.517 
‘ "if | eee 7 | 13.33 +.255 -675 —.649 +.437 
Control we to | 12.68+.317 | 1.003 
IV Therapy 12 Months 
Therapy—Total 14 | 12.52%.199 | .743 | +.115 +.357 
** Initial Hb. 11.5 6 | 12.55+.219] .536 | +.086+.460 
be wae 8 | 12.50+.320 906 | +.136+.460 
Control ot) SE SSR II | 12.64+.315 | 1.044 
V Therapy 19 Months 
Therapy—Total 9 | 12.70%.147] .442 | +.030+.201 
** Initial Hb. 11.5 4 | 12.88 
a "EGER 5 | 12.56 
Control IO | 12.73+.137 | .432 
VI Therapy 23 Months 
Therapy—Total 7 | 12.3r%.309| .818 | +.273+.416 
Control 8 | 12.59+.279] .790 
VII Therapy 31 Months 
Therapy—Total 6 | 12.77+%.198 | .484 | +.393 +.269 
Control 5 | 13-16 +.175 391 























Table 4. Comparison of hemoglobin values of white women taking iron therapy 
with those of a nontherapy control group initially having low hemoglobin values. 


tained for this group over the two and one-half year period are 
compared in Table 4 with the hemoglobin values obtained at the 


and white groups on therapy did not differ significantly with respect to their hemoglobin 
values except at the second examination. Since the averages for the colored group were 
consistently somewhat lower than those for the white group, inclusion of the colored 
therapy subjects would reduce the average values for therapy subjects and minimize any 
advantage shown for them. Comparison of the more homogenous groups of white women 


seems 


preferable. 
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same examination periods for a group of white women who did 
not receive any iron therapy and who had hemoglobin values at 
the initial examination of 11.5 to 12.0 gms. This latter group will 
be designated as a control group. 

Since approximately half of the white women who received 
therapy had hemoglobin values of less than 11.5 gms. at the ini- 
tial examination, data for these women and for those with 11.5- 
11.9 gms. are shown separately in Table 4. After 10 to 12 weeks 
of therapy and about 9 months after the initial examination, sub- 
jects with the lower initial hemoglobin values had, on the aver- 
age, lower values than those with higher initial values but the 
difference (.40 gm.) is not statistically significant. At the third 
examination the superiority of the group with higher initial 
values increased to 1.06 gms. but again the difference is not sig- 
nificant. At later reexamination the differences in the average 
hemoglobin levels for these two therapy groups were small. 

The difference between the average hemoglobin value for the 
control group and the therapy group at each of the six post-ther- 
apy examinations is shown in Table 4. At no examination is the 
difference statistically significant. The control group had an 
average hemoglobin value slightly lower than the therapy group 
at the second and third examinations (.11 and .12 gm.) and 
thereafter their average value was slightly higher (.03 to .39 
gm.). Thus, there is no evidence that these women who took 
iron therapy for two and a half years improved their hemoglobin 
values any more than the spontaneous improvement that oc- 
curred among women not taking therapy during the same 
period. 


REEXAMINATION HEMOGLOBIN LEVELS FOR WOMEN 
CrasstFreED AccorDING TO INITIAL VALUES 


Since the average hemoglobin level for the control group 
(initial values 11.5-12.0 gms.) remained at a fairly constant level 
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Table 5. Comparison of hemoglobin values at seven examinations over a three- 
year period for three groups of white women whose hemoglobin values at first 
examination were: A, 11.5-12.4 gms.; B, 12.5-13.4 gms.; and C, 13.5-15.3 gms. 











EXAMINATION AND GROUP BY Mean Hs. Gos. STaNDARD 
First Hs. Vatue NuMBER AnD St. Error DeviaTIon 
I October, 1942 
Total 79 12.94 +.099 877 
A—Low Hb. 2S 12.04 +.053 279 
B—Intermediate Hb. 27 12.95 +.064 331 
C—High Hb. 24 13.99 +.106 518 
II 9 Months Later 

Total 72 12.95 =+.093 792 
A 24 12.46 +.091 -446 
B 24 12.87 +.162 794 
Cc 24 13.53 -143 703 

III 13 Months Later 
Total 67 12.99 -.122 -997 
A 23 12.61 +.174 835 
B 23 13.12 +.189 +909 
Cc 21 13.26 +.253 1.161 

IV 18 Months Later 
Total 67 12.97 +.116 -947 
A 22 12.56 +.197 +924 
B 24 12.97 +.168 824 
Cc 21 13.39 +.209 -957 

V_ 25 Months Later 
Total 53 13.01 +.078 568 
A 19 12.81 +.094 -409 
B 21 13.04 4.119 +547 
Cc 13 13.27 +.197 711 

VI 32 Months Later 
Total 43 13.07 +.091 ~ 4598 
A 16 12.79 +.172 688 
B 15 13:13 4.134 519 
Cc 12 13.35 +.120 417 

VII 37 Months Later 
Total 39 13.10 +.101 -630 
A 12 12.85 +.210 -727 
B 15 13.30 +.158 612 
C 12 13.11 +.143 -494 
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following an increase within the nine months between the initial 
and second examination, it is of interest to examine the changes 
in averages for women with higher initial hemoglobin levels. All 
nontherapy white women, including the “controls,” were classi- 
fied according to their initial hemoglobin value in one of three 
groups as follows: A, low initial value, 11.5-12.4 gms.; B, inter- 
mediate initial value, 12.5-13.4 gms.; and C, high initial value, 
13.5-15-3 gms. For each group the mean and standard deviation 
of individual values at each of the seven examinations over ap- 
proximately three years are shown in Table 5. 

For the low group (A), average hemoglobin values at each 
examination after the first vary from 12.46 to 12.85 gms. and 
are about the same as those for the control group which forms 
approximately one-half of Group A. There is a definite increase 
from the initial average value of 12.04 gms. to 12.61 gms. at the 
third examination about thirteen months after the initial exam- 
ination, and thereafter changes are not significant. At every ex- 
amination the average for this group is lower than the averages 
for groups B and C. 

For the intermediate group (B) the average hemoglobin level 
continues to be in between the average for group A and the aver- 
age for group C at every examination except the last when it is 
slightly higher, but not significantly higher, than the average for 
the high initial value group. At the initial examination the aver- 
age hemoglobin for group B is 12.95 gms. and for the other six 
examinations it ranges from 12.87 to 13.30 gms. The average 
value for group C, high initial values, decreased from 13.99 gms. 
at the first examination to 13.53 gms. at the second and 13.26 
gms. at the third and thereafter remained fairly constant. 

In Table 6 the significance of the variation among mean hemo- 
globin levels for the three groups at each examination period is 
shown. The means, of course, are very significantly different at 
the first examination on which the groups are selected. The 











Table 6. Significance of variation in mean hemoglobin values at periodic reexami- 
nations over a period of three years for three groups of white women classified at 
initial examination into those with low, intermediate, and high hemoglobin levels. 























Examination Pzgriops DscGRreEs 
AND oF VaRrIANCE 
Source oF VARIATION Freepom | Variance | Ratio (F) | Propasizity 
I Initial Examination . 
Means of Groups 2 24.4357 167.02 <.001 
Within Groups 76 -1463 
II 9 Months Later 
Means of Groups 2 7.0588 16.01 <.001 
Within Groups 69 -4409 
III 13 Months Later 
Means of Groups 2 2.5831 2.73 > .05 
Within Groups 64 -9446 
IV 18 Months Later 
Means of Groups 2 3.6732 4-53 .OI-.05 
Within Groups 64 8102 
V_ 2s Months Later 
Means of Groups :. 8461 2.81 > .0§5 
Within Groups 50 .3014 
VI 31 Months Later 
Means of Groups 2 1.1109 3-47 .OI-.05 
Within Groups 40 -3198 
VII 37 Months Later 
Means of Groups 2 6753 1.77 > .05 
Within Groups 36 -3816 
ANALYSIS OF VARIANCE FOR LOW GROUP COMPARED 
WITH INTERMEDIATE AND HIGH GROUPS COMBINED 
III 13 Months Later 
Between Means I 4.9648 5-32 .OI-.05 
Within Groups 65 -9332 
IV 18 Months Later A 
Between Means I 5-4130 6.54 .OI.05 
Within Groups 65 8275 
V_ 25 Months Later 
Between Means I 1.2810 4.22 .OI-.05 
Within Groups 51 -3035 
VI 31 Months Later 
Between Means I 1.9087 5-97 .OI-.05 
Within Groups 41 3197 
VII 37 Months Later 
Between Means I 1.10§7 2.93 > .0§ 
Within Groups 37 3779 
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groups continued to differ very significantly at the second exam- 
ination but were not significantly different at the third. For the 
remaining four examinations the means differ significantly at 
two examinations and do not differ significantly at two exam- 
inations. 

Since the difference between averages for those with interme- 
diate and with high initial values is small after the second reex- 
amination, these two groups were combined and compared with 
the low hemoglobin group. As shown in Table 6, the low group 
had a significantly lower average at each examination except the 
last. 

In general, therefore, these data indicate that women with rel- 
atively low hemoglobin values at one examination showed a 
definite tendency to continue over a three-year period to have 
relatively low values although some improvement in their hemo- 
globin occurred. Women with relatively high hemoglobin values 
at one period continued, on the average, to have higher values for 
about nine months, but over a longer period their superiority 
diminished and their values became similar to those for a group 
with intermediate or slightly lower hemoglobin values at the 
initial examination. 

These results at successive examinations for women in the low 
third of the distribution of hemoglobin values at an initial exam- 
ination indicate that in the majority of cases lower than average 
hemoglobin was a chronic or intermittently recurring condition 
over a period of three years. 


Periopic INDIVIDUAL VARIATION IN HEMOGLOBIN VALUES 


‘Although there was a significant tendency for women with 
relatively low hemoglobin values to continue to have low values, 
changes of considerable magnitude in individual values from one 
examination to another occurred for many persons in this group 
as well as for those in the higher initial level groups. An analysis 








Table 7. Periodic individual variation in hemoglobin values obtained at approxi- 
mately six-month intervals over a two and a half year period for white women and 
for three subgroups according to hemoglobin values at a previous initial examina- 
tion. Analysis of variance for variation among individual means and for individual 
values from their means. 





















































St. Davi- 
Anatysis oF VARIANCE ATION FOR 
ExaMINATION Intra-In- 
PgRiops AND Num-| Megan} Degrees DIVIDUAL 
Source oF BEROF| Hp. | of Free-| Vari- | Variance | Prob- Vanri- 
VarIATION Caszs |(Gms.)} dom ance | Ratio (F) | ability TION 
TOTAL NONTHERAPY GROUP 
Periods II, III, and IV] 54 | 13.03 
Among Person Means 53 1.4024 3.00 <.01 
Within Persons 108 4674 -684 
Periods V, VI, and VII| 33 | 13.10 
Among Person Means 32 4472 1.67 -OI-.05 
Within Persons 66 .2670 517 
Periods II-VII 26 | 13.15 
Among Person Means 25 1.1823 2.68 <.o1 
Within Persons 130 4411 664 
INITIAL HEMOGLOBIN VALUE 13.5 GMS. OR MORE 
Periods II, III, and IV} 20 | 13.36 
Among Person Means 19 1.2686 1.88 .0§ 
Within Persons 40 6740 821 
Periods V, VI, and VII} 9 | 13.26 
Among Person Means 8 2232 
Within Persons 18 3322 x -576 
INITIAL HEMOGLOBIN VALUE 12.5-13.4 GMS. 
Periods II, III, and IV} 18 | 13.12 
Among Person Means 17 -9040 2.40 .OI-.05 
Within Persons 36 3767 : 614 
Periods V, VI, and VII} 14 | 13.24 
Among Person Means 13 -3054 1.11 > .0§ 
Within Persons 28 .2760 $25 
INITIAL HEMOGLOBIN VALUE LESS THAN 12.5 GMS. 
Periods II, III, and IV} 16 | 12.50 
Among Person Means 15 -9600 3.08 <.01 
Within Persons 32 3113 558 
Periods V, VI, and VII| 10 | 12.76 
Among Person Means 9 -4107 2.10 > .0§ 
Within Persons 20 -1957 442 























*Within persons variation greater than variance for individual means. 
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of this periodic or intra-individual variation is presented in Table 
7. The standard deviation for intra-individual variation is shown 
for the total nontherapy group and for each of the three sub- 
groups. Since there was a marked decrease in the number of per- 
sons in the Study after the fourth examination, intra-individual 
variation is shown separately for the first three reexaminations 
which have an interval of about nine months with one examina- 
tion at approximately the middle of the interval and for the last 
three reexaminations which have an interval of one year with a 
mid-year examination. For the total nontherapy group, indi- 
vidual periodic variation for all six reexaminations having a total 
interval of twenty-eight months also is shown. 

The standard deviation for intra-individual variation for the 
entire nontherapy group at the second, third, and fourth exam- 
inations is .684 gm. and at the fifth, sixth, and seventh examina- 
tion it is 517 gm. The standard deviation for the earlier series of 
examinations is significantly greater than for the later series. This 
may have been the result of greater error variation® in the earlier 
series of determinations or there may have been less individual 
variation in the last year of the Study. 

When the intra-individual variation for the three subgroups 
according to a previous examination value is compared for the 
earlier and later series of examinations, a higher standard devia- 
tion is found for each subgroup in the earlier series but the differ- 
ence is significant only for the group with initially high hemo- 

® Differences between any two or more hemoglobin determinations are a composite 
of error variation and true physiological change in the hemoglobin level. If the former is 
known, the latter can be measured. The accidental error of determinations usually is based 
on a series of two or more determinations on independent blood samples taken in close 
succession. For independent duplicate determinations by the same technician, the standard 
deviation for error variation in these data was found to be .174 gm. (1) However, this is 
Not a satisfactory measure of the total procedural or error variation, for, as previously 
discussed, additional variation believed to be procedural affected the values obtained at 
different periods. The adjustment of periodic values partially eliminated procedural periodic 
variation but, since this was not an absolutely constant factor, the residual variation, which 


is of unknown magnitude, would make the total error variation included in the intra- 
individual variation greater than the .174 gm. found in duplicates. 
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globin values. This latter group also shows significantly greater 
intra-individual variation for the second to fourth examinations 
than either of the lower hemoglobin groups. It seems probable, 
though not definitely proved, that individuals selected on the 
basis of a relatively high hemoglobin value did have greater intra- 
individual variation than those with medium or low hemoglobin 
values. This is consistent with the earlier finding that, on the 
average, the high hemoglobin group gradually lost its superiority 
over the intermediate group but the low hemoglobin group con- 
tinued to be relatively low. In other words, unusually high hemo- 
globin values were, for the most part, temporary and those who 
had them showed wide periodic fluctuations. 

Within each subgroup of the nontherapy subject, individuals 
differed significantly with respect to their mean hemoglobin 
levels for the second, third, and fourth examinations. In spite of 
high intra-individual variation for these examinations, average 
individual levels were different and none of the subgroups were 
really homogeneous. At the last three examinations, the groups 
became homogeneous, that is, individual means for the three ex- 
aminations did not differ more than would be expected from 
their intra-individual variation. For the total nontherapy group, 
individuals continued to differ significantly for the later series of 
examinations but this is due entirely to the low hemoglobin 
group. If the middle and high groups are combined, individual 
means are not significantly different and these form a homogene- 
ous group. Thus, two years after the initial examination, indi- 
viduals with intermediate or high values originally were no 
longer characterized by different hemoglobin levels although they 
maintained individual differences for a year or more. 


Oruer SrupiEs oF INTRA-INDIVIDUAL VARIATION 


Studies of individual variation over various time intervals have 
been made and it is of interest to compare the periodic variation 
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at approximately six-month intervals obtained in this Study with 
individual variation at shorter intervals. 

Studies of diurnal variation have been reported by Rabinovitch 
(2) and McCarthy and Van Slyke (3). Rabinovitch made hemo- 
globin determinations on twenty men six times during the day, 
at two-hour intervals from 8 A.M. to 6 P.M., using the oxygen 
combining capacity method of Van Slyke. The mean standard 
deviation for intra-individual variation during the day is 5.2 per 
cent (computed by us). The 100 per cent value for hemoglobin 
is not reported, but 5.2 per cent is 0.7 to 0.8 gm. McCarthy and 
Van Slyke made six observations on hemoglobin at three-hour 
intervals from 9 A.M. to 11 P.M. using the carbon monoxide ca- 
pacity method. An analysis of their data has been published by 
Mole (4) who reported that the standard deviation for the six 
daily values on twelve men was 0.54 volume per cent or 0.40 gm. 
of hemoglobin. Both studies indicate that diurnal variation may 
be very large. The daily variation found by Rabinovitch is as 
great as the highest periodic variation found for any group in our 
Study; that found by McCarthy and Van Slyke is similar to the 
minimum periodic variation shown for any group in our Study. 
On the other hand, apparently under some conditions variation 
within one day may be small; a standard deviation of 0.19 gm. 
is probably little larger than the blood sampling and accidental 
procedural error of the determinations. 

Differences in hemoglobin estimates for college women made 
at intervals ranging from one week to six months have been re- 
ported by Donelson, Leichsenring, and Ohlson (5). All deter- 
minations were made on morning blood samples. The reported 
standard deviation for differences in hemoglobin values at one- 
week intervals is 0.79 gm., at two to six weeks is 0.87 gm., and 
at seven weeks to six months is 1.20 gm. For comparison with 
the standard deviations for periodic intra-individual variation 
shown in Table 7, these standard deviations should be divided by 
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2 to obtain the standard deviation for variation from the mean 
of the two estimates used in obtaining differences. On this basis, 
the standard deviations for variation are: 0.56 gm. at weekly in- 
tervals, 0.62 at two to six weeks, and 0.85 at seven weeks to six 
months; and, as the groups examined were large (238, 137, and 
92, respectively), these standard deviations are significantly dif- 
ferent. 

At one-week intervals the individual variation for these women 
is greater? than that for diurnal variation found by McCarthy 
and Van Slyke (3). It is about equal to the individual periodic 
variation (S.D., 0.52 gm.) found in our Study for three examina- 
tions at six-month intervals in the third year of the Study, but 
somewhat lower than the periodic variation (S.D., 0.68 gm.) 
found for three examinations in the earlier years of the Study. In 
the study of college women by Donelson, e¢ al., intra-individual 
variation for intervals of two to six weeks gave a standard devia- 
tion of 0.62 gm. and this is similar to the standard deviation of 
0.66 gm. obtained in our Study for six observations over a total 
period of 28 months, and for the longer intervals of seven weeks 
to six months the standard deviation of 0.85 gm. is significantly 
higher than the periodic variation found in our Study. 

Donelson, et al. also report that day-to-day determinations on 
four women for periods of 27, 28, 39, and 39 days had the fol- 
lowing standard deviations: 0.81 gm., 0.54 gm., 0.69 gm., and 
0.71 gm. The average standard deviation is 0.7 gm. Over a period 
of three months, Reich and Green (6) made hemoglobin deter- 
minations every three or four days for six young women, obtain- 
ing 28 values for each woman. The determinations were made on 
peripheral blood with a Sahli instrument; all are reported and 

* Hemoglobin determinations were made on duplicate samples of finger-tip blood by 
the Newcomber method in the study of Donelson, Leichsenring, and Ohlson. This method 
has greater error variation than the CO capacity method used by McCarthy and Van Slyke 
and also has greater error variation than the photoelectric method of Evelyn used in the 


present Study. Therefore, some of the differences in intra-individual variation may be due 
to greater error variation. 
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are given in per cent of hemoglobin. The standard deviations for 
intra-individual variation over the three months have been com- 
puted and converted to grams using 14.0 gms. as 100 per cent, 
although the 100 per cent value was not reported. For these six 
women the standard deviations are: 0.70, 0.57, 0.69, 0.73, 0.70, 
and 0.64 gm., and the average standard deviation is 0.7 gm. Reich 
and Green were studying the effect of menstruation on hemo- 
globin values, but found no evidence of variation associated with 
the menstrual cycle. Thus, the day-to-day variation for about one 
month and the variation for three to four-day intervals over 
three months in these two studies are the same, and are as large 
or larger than the periodic variation shown for our subjects 
studied over a three-year period. 

It is clearly evident that hemoglobin content of the blood is not 
stable. There is about one chance in three that two values ob- 
tained within one day will differ as much as 0.6 gm. or more, 
and one chance in twenty that the difference will be greater than 
1.1 gms. on the basis of the McCarthy and Van Slyke (3) find- 
ings. From. day to day and at longer intervals, equal or greater 
differences are to be expected. Therefore, in order to obtain an 
average hemoglobin level that is typical or representative for an 
individual, several values should be obtained, preferably on several 
days at different times of the day. Differences among persons 
shown by values obtained at a single examination reflect the in- 
tra-individual variability of the hemoglobin level and in large 
part are of no significance. 


SUMMARY AND DiscussION 


Fourteen white women who had hemoglobin values at an ini- 
tial examination from 8.2 to 11.9 gms. were given reduced iron 
or feosol for periods of 12 to 31 months, and reexaminations 
were made at intervals after therapy as follows: 10-12 weeks, 7 
months, 12 months, 19 months, 25 months, and 31 months. At 
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no examination was there a significant difference between the 
mean levels for the iron and feosol subjects. 

Three colored women who had initial values from 10.0 to 11.9 
gms. took reduced iron and one with an initial value of 11.2 gms. 
took feosol for 31 months. Their average hemoglobin level was 
consistently below that for the white women, although at the 
initial examination (six months before therapy was begun) the 
average hemoglobin level for the colored and white women was 
approximately equal. However, after 7 months of therapy, the 
differences between the colored and white were not significant 
statistically. 

The average hemoglobin level for the white women after 10-12 
weeks of therapy was 12.6 gms. and it did not increase signifi- 
cantly at any later examination. The average hemoglobin for col- 
ored women after three months of therapy was 11.5 gms. and 
after 7 months was 12.2 gms; thereafter it did not increase sig- 
nificantly. 

A “control” group of white women who had hemoglobin 
values ranging from 11.5 to 12.0 gms. at the initial examination 
was reexamined at the same intervals as the therapy group. At 
every examination period the average hemoglobin level for the 
“control” subjects was similar to that for therapy subjects. At no 
examination period did the average hemoglobin levels for the 
“control” and for the therapy subjects attain the average levels 
obtained for women who had had higher values at the initial 
examination and received the periodic reexaminations. 

Both therapy and all nontherapy subjects showed large indi- 
vidual variations from one period to another. This intra-indi- 
vidual variation, which is found also within one day and from 
day to day, is so great that determinations at a single examination 
are unsatisfactory for classifying persons as having low, average, 
or high values, since any value obtained may be an extreme fluc- 
tuation from the representative, average level of the individual 
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as a result of accidental technical error, temporary physiological 
variation, or both. It is interesting, however, that in spite of this 
individual variation, and the fact that the therapy subjects and 
“control” subjects were selected on a single determination, both 
groups were characterized throughout the three years by rela- 
tively low hemoglobin values. Undoubtedly, there were some 
women included in each group whose usual or average levels at 
the beginning of the Study were really considerably higher than 
their initial values. These individuals cannot be identified and 
differentiated from those whose average levels initially were sub- 
normal on the basis of the single initial determination. 
Although the therapy subjects as a group failed to obtain 
higher levels than the “control” subjects, subjects in both groups 
exhibited several patterns of apparent change. But because of the 
considerable diurnal, and day-to-day variability, it is impossible 
to categorize them as real changes, on the basis of a few widely 
spaced examinations. Some exhibited an apparent increase only 
to be followed by a decline. Two in the therapy group with rela- 
tively low initial values showed a slow, steady advance; one of 
them declined at the last two examinations. The subject with the 
lowest initial value showed a sharp increase after three months of 
therapy to a moderate level and thereafter made no further gain. 
Among subjects with mild degrees of hypochromic anemia who 
had received iron therapy for sixty days, or continuously during 
the study to a maximum of twenty-six weeks; Fowler and Barer 
(7) found that, following a rise in hemoglobin levels for about 
ten weeks, the majority tended to return to the pretreatment 
level; others continued to have values somewhat above it. They 
suggested that the former group actually had only low normal 
values. This same interpretation could be applied to our therapy 
subjects whose average level for two and a half years remained 
below the normal average. Indeed, the over-all failure of the sub- 
jects receiving therapy to surpass in hemoglobin level those not 
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receiving it might also be attributed to the same reason; namely, 
that all of the subjects in the Study had only low normal hemo- 
globin values. Such a view connotes that the subject by his very 
nature possesses low values that cannot nor need not be elevated. 
Actually, this discrimination between two identically low values, 
calling the one normal and the other abnormal, is based upon 
the therapeutic test. Yet it is scarcely permissible to designate low 
values as normal because they fail to respond to iron; for it does 
not cover influences that might be preventing an increase, nor 
does it exhaust all possible therapeutic measures. Hence, designat- 
ing the subjects as low normal is not the only interpretation. 

At least two other possible explanations should be considered 
in relation to the failure of the group receiving iron to attain 
higher hemoglobin levels than the nontherapy group. The one 
is the influence of nondietary conditions in the etiology of defi- 
ciency states. According to Heath (8), strong evidence indicates 
that a diet deficient in iron will not produce iron deficiency un- 
less various stresses upon the body are likewise attendant. Gray 
and Wintrobe (9g) state that chronic hypochromic anemia in 
women is the resultant of three influences: either faulty alimen- 
tary function or defective diet, or both; and excessive requirements 
for hemoglobin induced by such conditions as pregnancy, men- 
struation, and menorrhagia. Relapse is common in this type of 
anemia if increased requirements for hemoglobin persist; but it 
may often be prevented if the condition necessitating excessive 
requirements is removed or controlled. On the other hand, infec- 
tion may retard response to therapy in hypochromic anemia (9, 
10, 11). This mechanism should not be overlooked in a thera- 
peutic failure or an incomplete response. 

The second possible explanation for the failure of the group 
receiving iron to gain higher hemoglobin values than the “con- 
trol” group embodies the evidence that multiple nutrients are 
necessary for the production of hemoglobin and maintenance of 
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a maximum level. Obviously iron is one, as reports of therapeutic 
response attest (7, 9, 12, 17). In 1934 Whipple and coworkers (13) 
studying anemia induced in dogs by blood withdrawal differen- 
tiated between iron and the organic factors in hemoglobin regen- 
eration. Again, these investigators (14), pointing out the dissocia- 
tion between the potency for hemoglobin production and the iron 
content of different fractions of liver, reaffirmed the view that not 
one but several nutrient factors have a potent influence on the 
regeneration of hemoglobin. Later, Whipple (15) enumerated 
several nutrient factors conducive to hemoglobin production, 
among them certain amino acids. Prompt elevation of a low 
hemoglobin level in a child by administration of amino acids has 
been reported (16). Obviously, a low hemoglobin level due 
mostly to protein deficiency, for example, and to a less extent to 
iron deficiency, would respond only moderately and incompletely 
to iron alone. Thus, failure to respond either fully or at all to ‘ron 
could be due to nondietary conditions or a deficiency in hemo- 
globin-producing nutrients other than iron, or both. 


Acknowledgments are made to Mead, Johnson and Company for the reduced iron 
supplied for the Study. 
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THE MIGRATION OF NATIVE LABORERS IN 
SOUTH AFRICA’ 


Wisert E. Moore 


economic exploitation of the African continent, the problem 

of making productive use of native labor has been continu- 
ously paramount. Indeed, the labor resources of the continent 
figured in the world economy long before the completion of po- 
litical subjugation and regular colonial administration. The slave 
trade provided one kind of answer to the problem of using na- 
tive labor, representing in a sense the removal for processing 
elsewhere of a replaceable natural resource. With the develop- 
ment of tropical agriculture, mining, and permanent white col- 
onization, the problem became one of using tribal natives for 
local economic production. Although slavery, called by one name 
or another, has been practiced at one time or another in all parts 
of the continent, there has gradually been established an indirect, 
less openly coercive expedient for the integration of culturally 
and economically backward peoples into modern economic life. 
This coercion by indirection, which is more in keeping with Euro- 
pean canons of law and ethics and conceptions of productive rela- 
tionships, has been accomplished mainly by the use of the power 
of taxation as a prerogative of constituted governmental author- 
ity. Tribal natives have been brought within a wage and money 
economy by levying head taxes or hut taxes, payable only in 
cash, and thus obtainable only by wage employment or by selling 
agricultural produce. The taxation policy has been supplemented 
in South and East Africa by the seizure of good agricultural land 
by Europeans and the confinement of tribal natives to ever nar- 
rowing territories or preserves. 


* From the Office of Population Research, Princeton University. This paper was presented 
at the annual meeting of the Population Association of America at Princeton, New Jersey, 
May 31, 1946. 


I: the development of European colonial administration and 
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Aside from a whole range of questions concerning the diff- 
cult adaptations of native institutions to European culture and 
civilization as represented in plecemeal contacts,” the full utiliza- 
tion of native labor resources has been blocked by inconsistencies 
in the policies of Europeans. Throughout British South Africa 
(as well as in most of East Africa, namely, where there is a strong 
white settlement) a racial caste system prevails. This inevitably 
affects the division of labor, and its particular form in South 
Africa affects also the actual territorial disposition and mobility 
of labor. Not only are some jobs regarded as exclusively African 
occupations and others as exclusively European, but also some 
territories are regarded as appropriate permanent residences of 
natives and others as exclusively under the ownership and con- 
trol, if not the exclusive occupancy, of Europeans. 

This dual separation between Europeans and natives—of strata 
in the social scale and of areas within the country—has its incon- 
sistencies. The territorial segregation assumes completely separate 
communities; this is in exact opposition to the demand for cheap 
and exploitable native labor in the white community. To some 
extent this inconsistency is resolved by the use of more or less 
temporary laborers who retain tribal affiliations and are consid- 
ered as residents of the native reserves. This in turn creates a 
number of serious difficulties, not only for the white employer 
but also for the economy and social structure of the native vil- 
lages. On the other nand, the caste system of occupational dis- 
tinction would bar full qualitative use of native labor, even if the 
labor force were less transitory and mobile. 

It is only against this background of dual separation that the 
particular features of migratory native labor in South Africa can 
be understood. 


* See, for example, Hunter, Monica: Reaction To CONQUEST: EFFECTS OF CONTACT WITH 
EUROPEANS ON THE PONDO OF SOUTH AFRICA. London, Humphrey Milford, Oxford University 
Press, 1936; Malinowski, Bronislaw: THE Dynamics oF CuLTURAL CHANGE: AN INQUIRY 
INTO RACE RELATIONS IN AFRICA. New Haven, Yale University Press, 1945. 
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Micratory Lasor AND NaTivE EMPLOYMENT 


In British South Africa there are four main types of demand 
for native labor in the white community: agriculture, mining, 
manufacturing, and domestic service. Table 1 indicates the rela- 
tive importance of these modes of economic activity among na- 
tives in the Union of South Africa, but unfortunately does not 
distinguish within the category of “agriculture” between tribal 
natives and those employed by European farmers or “squatting” 
on land legally owned by white cultivators. In any event, Euro- 
pean agricultural production does not depend heavily upon mi- 
gratory farm labor but rather enjoys a more or less permanent 
native labor force in various degrees of personal dependency 
upon the white land owner.’ Similarly, migratory labor is rarely 
recruited in the native territories specificaliy for domestic service, 
which rather depends upon fairly permanent resident natives, 
whether in urban or rural areas. Manufacturing depends to a 
considerable extent upon unskilled native labor recruited on a 
temporary basis, but, because of the typically small size of estab- 


Table 1. Economic activity of native males and females, 1936.7 














Ma gs : FEMALES 

Economic Group Number Per Cent Number Per Cent 
Agriculture 1,437,087 62.4 1,659,349 86.5 
Mining 393,020 17.1 _— om 
Manufacturing 210,407 9.1 3,358 0.2 
Transport and Communication 90,193 3-9 146 a 
Commerce and Finance 6,447 0.3 2.42 i 
Professions, Sport, Entertainment 17,605 0.8 4;335 0.2 
Personal Services 112,901 4.9 2.43,369 12.7 
Other 35,411 1.5 8,520 0.4 
Torats 2,303,071 100.0 1,919,319 100.0 














@ Less than one-tenth of one per cent. 
1 Union of South Africa, SixtH Census, 1936, Vol. IX, pp. 71, 74. 


* See Tinley, J. M.: THE Native Lasor Proscem or SourH Arnica. Chapel Hill. Uni- 
versity of North Carolina Press, 1942, pages 85-98. 
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lishments and their territorial dispersion, is less exclusively de- 
pendent on nonresident labor than is mining with its predomi- 
nant concentration in the Witwatersrand area of Transvaal Prov- 
ince. The gold mines of the Rand provide the most important 
single source of employment for migratory workers within the 
Union, with much smaller numbers employed in diamond mines 
and manufacturing establishments. Copper and tin mines have 
an analogous significance in the economic structure of the Rho- 
desias. Thus the most outstanding economic feature of native 
labor migration is the recruitment of laborers in the native re- 
serves under contract or indenture for work in the fairly limited 
mining areas. 

This clear territorial concentration of economic activity em- 
ploying large numbers of native workers would seem to facilitate 
the statistical analysis of labor mobility. And in fact the move- 
ment of labor to the mining areas is sufficiently marked to make 
its main features clear. However, numerous difficulties impede 
precise statement of the situation. 

As previously noted, European employers for the most part do 
not recruit a permanent labor force for work in the mines, nor 
can they rely upon a resident urban proletariat attracted and held 
by employment opportunities. However much individual em- 
ployers might find a dependable, resident labor force advantage- 
ous, they are barred from fostering such a development by the 
principle of territorial segregation and the attempt to maintain 
natives in tribal conditions. This policy is naturally reinforced 
by the limited, although increasing, interest of tribal natives in 
modern economic life and their preference for traditional modes 
of agricultural life functionally related to the whole institutional 
framework. Concretely, this means that the native labor force as 
enumerated, for example, by any given census may be quite differ- 
ent from that which would have been enumerated a few months 
earlier or later. The infrequent censuses of the Union do not at- 
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tempt to classify natives according to permanent residence; they 
are enumerated de facto and not de jure. Thus, although natives 
in 1936 were tabulated according to place of birth, there is no 
way of determining how many of the migrants at the time of the 
census were temporarily at employment centers and how many 
were more or less permanent additions to the labor force (the so- 
called “detribalized natives”). The direction of the flow can be 
determined, but not its exact size for a given period or its dura- 
tion with respect to individual components. 

Workers for the principal centers employing native laborers 
are recruited both from the predominantly native areas within 
the Union and from neighboring territories .The data concerning 
native immigration* from the three High Commission Terri- 
tories — Basutoland, Swaziland, and Bechuanaland — from Mo- 
zambique, or from British colonies to the north are no more sat- 
isfactory than those relating to migration within the Union. 
Statistics of immigration for the Union exclude natives. The 
number of natives leaving the High Commission Territories dur- 
ing any year may be approximately determined from passes is- 
sued in those territories; how many return in the course of the 
year is completely unknown. For Basutoland the 1936 and earlier 
censuses enumerated “absentees,” but the difficulty of length of 
residence remains. Even less evidence exists with respect to other 
areas of labor recruitment, except that the annual number of 
workers under indenture from Mozambique is fixed in round 
numbers by treaty. These scattered bits of evidence, supplemented 
by statistics on place of birth and by statistics of employment, 
provide only rough measures of the ebb and flow of migratory 
movements. 

In general, therefore, the possible statistical description of na- 
tive labor migration in British South Africa is considerably less 


“ “Native” as used in this discussion refers uniformly to Negroid natives of the African 
continent, primarily Bantu in the areas here under consideration. This explains the use of 
such otherwise contradictory terms as “native immigrants.” 
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than could be desired. Data on place of birth, for example, do 
not have the same significance as similar data where migration 
involves a definite change of legal residence, and where census 
data present de jure as well as de facto enumerations. On the 
other hand, the significance of temporary migration with more 
or less frequent turnover of labor supply should not be misinter- 
preted. As long as the total labor force remains reasonably con- 
stant, or is at most subject only to long- term variations, the enu- 
merated native population may for some purposes be regarded 
as permanently resident in the places where enumerated. This 
would be true even if no laborer gained legal residence at his 
place of work and remained only for one year under indenture 
and never returned. If each departing worker is replaced by an- 
other during the same year, or any shorter or longer period under 
consideration, the total for the period obviously remains constant. 
The foregoing should not obscure other demographic, as well 
as economic and social, consequences of such labor mobility. The 
“permanent” labor force by statistical artifact would still not be 
self-reproducing by natural increase. Moreover, extended periods 
of absence on the part of the laborers from their truly permanent 
places of residence may affect the demographic balance in those 
areas. Unfortunately the available data do not allow adequate 
appraisal of these effects. They permit, indeed, only the deter- 
mination of the direction of labor mobility, its approximate ex- 
tent in terms of statistics on place of birth and on employment 
in labor centers, and some of the more obvious changes in popu- 
lation composition resulting from the movement. 


INTERNAL MIGRATION 


The census enumeration of natives by place of birth allows 
the tracing of migratory movements only among the four prov- 
inces of the Union and not by smaller administrative districts. 
Indirect evidence, however, in the form of age and sex distribu- 
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Net Barance in Province or ENuMERsrION 








Province oF BirtH Cape Natal Orange Free State | Transvaal 
Cape —_ +18,089 +18,478 +233,846 
Natal -18,089 —_— +1,414 +73,634 
Orange Free State -18,478 — 1,414 —_— +70,710 
Transvaal 233,846 -73,634 -70,710 _— 

















1Based upon data in Union of South Africa, SrxtH Census, 1936, Vol. IX, p. 70. 

Table 2. Place of enumeration against place of birth as an index of internal migra- 
—— natives among the four provinces of the Union of South Africa, Census of 
tions allows a more definite identification of the two principal 
sources within the Union of native laborers recruited for work 
in the Transvaal, namely, the Transkeian district of Cape Prov- 
ince and the Zululand district of Natal. The data on place of 
birth in the 1936 census allow calculation of the net balance of 
movement among the provinces as represented by the enumer- 
ated native population in 1936 (Table 2). Aside from a quite 
minor movement from Natal to Orange Free State, these data 
show the Cape Province to be something of a “universal donor,” 
and the Transvaal to be a “universal receiver.” As might be ex- 
pected from knowledge of the South African economy, the most 
significant movement is that from all of the other provinces to 
the Transvaal. The predominant importance of that movement 
Table 3. Place of enumeration against place of birth as an index of internal migra- 


tion of urban male natives among the four provinces of the Union of South Africa, 
Census of 1936.7 

















Net Batance 1n Province or ENUMERATION 
Province oF BirtH Cape Natal Orange Free State | Transvaal 
Cape — +4,176 +1,403 +165,223 
Natal —4,176 —_— 34 +44,853 
Orange Free State —1,403 +34 i +19,382 
Transvaal —16§,223 —44,853 —19,382 —_— 

















1Based upon data in Union of South Africa, SrxtH CENSUus, 1936, Vol. IX, p. 70. 
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Fig. 1. Age distribution of native males and females in rural and urban areas of 
the Union of South Africa, 1936. From Union of South Africa: SixrH Census, 1936, 
Vol. IX, page xi. 


is made even clearer if the calculation is limited to native males 
enumerated in urban areas. Table 3 indicates that on this basis 
other inter-provincial movements are substantially reduced or 
even reversed, whereas the volume of native male migration 
from all provinces to the urban areas of the Transvaal represents 
virtually half of the total migration to the province. 
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Fig. 2. Age distribution of native males engaged in agriculture and mining, 
Union of South Africa, 1936. From Union of South Africa: SixrH CENsus, 1036, 
Vol. IX, page xvi. 


Three points will bear reiteration for their relevance to the in- 
terpretation of these balances in migratory movements: (1) 
There is no satisfactory way of separating permanent migration 
of detribalized natives to places of employment in predominantly 
white areas from the temporary migration of tribal natives to 
labor centers. (2) The reliability of the size of these balances is 
relative to the numerical stability of native employment.’ (3) The 
particular composition of the enumerated native population is 
unstable in the degree that there is a continual ebb and flow of 
migrants. 


5 Independent evidence on native employment in the chief labor centers indicates some 
seasonal variation, with a low point around the end of December and a high point in June 
or July. These variations are by no means uniform from one year to the next, however, and 
are partly affected by longer-term trends in employment. In general, May, the month of 
the 1936 census, seems fairly representative, at least for that year. See: Union of South 
Africa, Monthly Bulletin of Union Statistics, issues for 1936 and other years. 
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Fig. 3. Age and sex distribution of natives in Transkei, Cape Province, Union of 
South Africa, 1936. From Union of South Africa: SixtH Census, 1936, Ages and 
Marital Condition of the Bantu Population, Table 3, pages 6-27. 

The effects of these migratory movements, however temporary 
the stay of particular migrants, is reflected in the age and sex 
composition of the native populations in the areas of supply and 
in the areas of labor demand. The percentage age distribution of 
rural and urban native males (Figure 1) indicates that one aspect 
of the migratory movement is a concentration of native males of 
working ages in urban areas. The selective aspect of the migra- 
tion with respect to sex is emphasized by comparison of rural 
and urban age distributions of native females (Figure 1) which 
shows no such marked contrast as found with native males. An- 
other aspect of the movement is a shift out of agriculture into 
other economic activities, particularly mining. The results of 
this movement may be seen in the contrasting age distributions 
of native males in agriculture and in mining (Figure 2). 
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Fig. 4. Age and sex distribution of natives in Zululand, Natal Province, Union 

of South Africa, 1936. From Union of South Africa: SixtH CENsus, 1936, Ages 

and Marital Condition of the Bantu Population, Table 3, pages 6-27. 

As previously indicated, the data on place of birth of the native 
population of the Union of South Africa as enumerated in 1936 
allow only the determination of net balances of movement 
among the four provinces. However, a closer identification of the 
areas of origin and of destination may be gained from the age- 
sex composition of the native population by smaller areas. Fig- 
ures 3, 4, and 5 show the per cent of total native population rep- 
resented by each quinquennial age-sex group in the Transkeian 
area of Cape Province, Zululand in Natal, and the Witwatersrand 
urban concentration in Transvaal. The Transkeian and Zululand 
areas are the two portions of the Union of South Africa with al- 
most entirely native populations, and these constitute the prin- 
cipal areas of origin within the Union of the heavy concentration 
of males of working ages evident in the Witwatersrand gold 
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Fig. 5. Age and sex distribution of natives in the Witwatersrand, Transvaal 
Province, Union of South Africa, 1936. From Union of South Africa: Sixt 
Census, 1936, Vol. IX, Table 5, page 27. 

mining area. It should be observed that this is a rough and in- 
direct measure of the size and direction of migratory flow, as the 
native laborers found in the Witwatersrand are also drawn in 
lesser numbers from other parts of the Union and in substantial 
numbers from outside the country, as will be noted below. 


MIGRATION FROM OUTSIDE THE UNION 


The pull of the labor markets of the Union of South Africa 
extends beyond the political boundaries of the state. It is essential 
to an understanding of substantial flow of native migratory work- 
ers from surrounding areas to bear in mind certain peculiar fea- 
tures of South African economy. The social structure includes a 
somewhat unstable combination of three elements of particular 
importance in this connection. Those elements are (1) white 
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supremacy, enforced in law and custom and applied in a caste 
division of labor; (2) territorial segregation of natives; and (3) 
economic activity, especially mining, that rests in large measure 
on cheap gang labor by natives. This is an economic regime based 
upon cheap labor used with deliberate waste: there is the waste 
arising from the failure to develop and use potential skills of na- 
tive workers, owing to the institution of white supremacy, and 
the waste of rapid turnover and expenses of continual recruiting, 
owing to the refusal to develop a stable resident labor supply in 
the employment centers. 

It is understandable that this combination of structural ele- 
ments may produce recurring or chronic shortages of labor sup- 
ply, somewhat independent of the number of native nationals of 
working ages. This in fact has been the situation in the Union 
of South Africa and it has given rise to the recruiting of native 
workers in other parts of British South and East Africa, and in 
the Portuguese colony of Mozambique. 

At the time of the 1936 census there were in the Union about 
one-third of a million natives born outside the country (Table 4). 
This represented 5 per cent of the total native population. Almost 
half of the immigrants were born in the High Commission Ter- 


Table 4. Natives enumerated in the Union of South Africa, Census of 1936, born 
outside the Union, by specified countries of birth.* 








Torat Native Popv- Native Mass, AGzs 

Country or Birts LATION Born OvtsipE 20 aND Over, Born 

THE Union Outsipz THE Union 
Basutoland 163,838 93,686 
Portuguese East Africa 98,031 87,643 
Swaziland 31,092 18,740 
Nyasaland 17,657 16,555 
Rhodesias 13,871 12,210 
Other 9,288 4,568 
Torats 3335777 233,420 














Union of South Africa, SrxtH CENsus, 1936, Vol. IX, pp. 68-69. 
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ritory of Basutoland, which is an enclave within the territorial 
extension of the Union and adjoins a portion of the Transkeian 
region in Cape Province. Not all of these migrants were of the 
temporary sort, however, and a precise distinction is not possible. 
However, in the 1936 enumeration almost 70 per cent of the total 
native population born outside the Union were males of 20 years 
of age and over. These 233,420 immigrant native males may be 
considered as a maximum estimate of migratory native laborers 
from outside the Union. Basutoland was the country of birth of 
about 94,000 of these African male immigrants, and about 88,000 
were born in Mozambique (Portuguese East Africa). Those two 
areas alone accounted for approximately 78 per cent of the total 
native male immigrants of working age. 

Although no official statistics record the annual number of na- 


Table 5. Total employment and employment of immigrants in native centers, 
annual average, 1925-1939- 

















Att Minzs Tota, EmpLoyMENT 
Immigrant Native Immigrant Native 
All Employees All Employees 
Years Native Native 
Employees | Number | Per Cent | Employees | Number | Per Cent 

1925 218,071 114,965 52.7 306,092. 124,502 40.7 
1926 231,325 123,100 53-2 326,281 134,005 41.1 
1927 235,175 128,350 54-6 332,491 139,178 41.8 
1928 243,276 134,222 55-2 344,419 145,082 42.1 
1929 239,310 130,594 54-6 347,254 141,051 | 40.6 
1930 2453727 127,229 51.8 354,940 137,455 38.7 
1931 242,907 118,380 48.7 356,663 129,445 36.3 
1932 240,605 107,405 44.6 348,875 117,151 33.6 
1933 253,002 101,197 40.0 374,063 111,407 29.8 
1934 275,392 109,689 39.8 416,372 124,641 29.9 
1935 304,711 127,222 41.8 476,775 147,541 30.9 
1936 330,829 138,749 41.9 528,633 162,431 30.7 
1937 338,188 158,436 46.8 556,982 185,811 33-4 
1938 357,861 174,102 48.6 577,191 200,948 34.8 
1939 361,024 174,430 48.3 588,601 199,180 33.8 























1The anmuual averages are derived from monthly averages as given in Union of South Africa, 
Monthly Bulletin of Union Statistics, Nos. 37-180 (1925-1936) cal’ Vols. XVI-XIX (1937-1940). 
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Fig. 6. Total and immigrant native laborers in established labor centers, Union 

of South Africa, annual averages, 1925-1939. Source: Table 5. 
tive immigrants into the Union of South Africa, data are avail- 
able on native employees, by territory of origin, in the principal 
labor centers. These labor centers comprise, besides the Witwa- 
tersrand gold mines, a number of scattered mining and manu- 
facturing areas,® and probably account for nearly all natives 
employed in the two major types of economic activity that 
depend upon migratory workers. 

From the employment statistics it is possible to arrive at a 
fairly adequate picture of the annual average number of immi- 
grant laborers during the period 1925-1939. These averages are 
shown in Table 5 and Figure 6. As shown also in Table 5, immi- 


* Witwatersrand, Heidelberg, Vereeniging, Rayton, Witbank, Breyten-Ermelo, Dundee 
and Vryheid, Kimberley, and Orange Free State. 
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grant workers regularly account for 30 to 4o per cent of the total 
native employment in the labor centers, with some tendency for 
the proportion to decrease. The proportion of immigrant workers 
in the mines is considerably higher, ranging from 40 to 55 per 
cent, with no such downward trend as is evident in total employ- 
ment. Both series of averages show an absolute and percentage 
decline in immigrant workers during 1933 and 1934, with some 
recovery thereafter. The more marked upswing in the number 
and proportion of immigrant workers in the mines reflects in 
considerable measure a shift in the area of recruitment for the 
Witwatersrand mines, to be noted presently. 

The same series of employment statistics also specify, with 
more or less adequacy, the country of origin of the immigrant 
workers. These data thus allow a comparison of the principal 
places of origin of immigrant workers in a longer time perspec- 
tive than that of the de facto enumeration of natives by place of 
birth in the census of 1936. From the basic employment statistics 
by area of origin of the employees, annual averages for each 
country have been computed. Table 6 summarizes these averages 


Table 6. Native workers in labor centers by country of origin, 1925-1939 average.” 








EmPLoYgEs IN ToraL 
Country or OriGIn Att Mins Employees 
Union of South Africa 143,301 269,054 
Portuguese East Africa 82,655 83,382 
Basutoland 33,323 38,218 
Bechuanaland 6,411 8,653 
Swaziland 5,997 7,030 
Rhodesias 1,431 6,024 
Nyasaland 1,353 3,084 
Total Immigrants 131,170 146,392 
Unclassified 35 264 
Torats 274,506 415,709 

















1Based upon data from Unior of South Africa, Monthly Bulletin of Union Statistics, Nos. 37-180 
(1925-1936) and Vols. XVI-XIX (1937-1940). The averages for Bechuanaland, Nyasaland, and 
the Rhodesias are estimated in part by an apportionment among them of natives from tropical 
areas, not separately classified by territory of origin: 
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for the entire period of fifteen years (1925-1939) covered by the 
available sources. Table 6 shows some considerable differences 
from the statistics on place of birth in the 1936 census (Table 4). 
Aside from the fact that the employment statistics represent long- 
term averages, it is clear that many immigrant natives enumer- 
ated in 1936 were not in the category of temporary migrants, at 
least as represented in the principal labor centers. Thus, for ex- 
ample, the 1936 census shows a larger number of immigrants 
from the Basutoland enclave than from Portuguese East Africa, 
whereas migratory workers from the latter territory in the labor 
centers are more than twice as numerous as those from Basuto- 
land. However, detailed statistics for each year indicate a grow- 
ing proportion of workers from Basutoland through the 1925- 
1939 period.” It should also be noted that the averages, even those 
covering a much shorter term than the fifteen-year period sum- 
marized in Table 6, refer to those actually in employment in the 
labor centers and must therefore be presumed to understate the 
total potential workers in the labor centers at any given time. 
Certain features of the migratory movements not appearing in 
Tables 5 and 6 but evident from the data upon which those tables 
are based may be noted. The number of native immigrant la- 
borers from Swaziland showed little change throughout the 
period, in contrast to the fairly sharp fluctuations in the number 
from Portuguese East. Africa and the rapid increase of those 
migrating from Basutoland. On the other hand the decision 
taken in 1935 to recruit experimentally from tropical areas to the 
north resulted in subsequent sharp increases in the number of 
immigrants from Bechuanaland, the Rhodesias, and, especially, 


*The number of migratory workers from a an East Africa is fixed in round 
numbers by treaty, which provides also some greater safeguards, particularly in wage pay- 
ments, than those enjoyed by workers recruited from British territories. The Mozambique 
Natives are under annual contract, and part of their pay is withheld for payment after their 
return to their home communities. The maximum period of reemployment is six months. 
The number of workers as fixed by treaty has varied from 80,000 to 100,000 per year. 
(See OrFicta YEAR Book OF THE UNION oF SouTH AFRICA, 1940, p. 468.) 
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Nyasaland. These “Tropicals” were almost exclusively employed 
in the Witwatersrand mines. 

These data leave quite unanswered the question of the total 
number of immigrant laborers entering the Union during any 
year, as they represent only average numbers of employees. In 
other words, they reveal nothing concerning the amount of turn- 
over required to keep the given average numbers of workers in 
employment. The evidence on this matter is scattered and in- 
conclusive. Recruitment figures published by the Transvaal 
Chamber of Mines, when compared with data on average em- 
ployment, indicate an approximate turnover of 100 per cent per 
year during 1925-1932, with a range from 88 per cent to 113 per 
cent and no marked trend.*® Subsequent and less complete figures 
for 1936 and 1937, together with estimates from the same source 
of average length of individual employment, suggest a somewhat 
reduced turnover and a smaller increment of new workers.’ 

A comparison of the number of passes issued to natives in 
Bechuanaland, Basutoland, and Swaziland to proceed to the 
Union for employment, with the average number from those 
areas actually employed in established labor centers suggests an- 
nual turnover ratios substantially less than 100 per cent for Basu- 
toland and Bechuanaland natives, and considerably over 100 per 
cent for Swaziland.’® Because these data come from completely 
different sources and because there is no assurance that natives 
uniformly equip themselves with passes to cross generally un- 


® Transvaal Chamber of Mines: Tuirry-SixtH ANNUAL REPORT, 1925, pp. 142, 155, 164; 
Turrty-SEVENTH ANNUAL REPORT, 1926, pp. 122, 134, 142; THIRTY-EIGHTH ANNUAL 
REPORT, 1927, pp. 124, 134, 142; THirTy-NiINTH ANNUAL REPORT, 1928, pp. 142, 155, 
161; ForTrETH ANNUAL REPORT, 1929, pp. 184, 193, 200; Forty-Firsr ANNUAL REPoRT, 
1930, pp. 116, 125, 133; Forry-SEconp ANNUAL REPORT, 1931, pp. 130, 136, 155; Forty- 
Tuirp ANNUAL REPORT, 1932, pp. 126, 136, 144. 


®* Ibid., Forty-FirrH ANNUAL REPORT, 1934, p. 62; Forty-EicntH ANNUAL REPORT, 
1937, p. 21. 


Information on number of passes issued each year 1935-1939 is given in OFFICIAL 
Year Book oF THE UNION oF SouTH AFRICA, 1940, pp. 1192, 1210, 1234. Employment 
averages are derived from sources cited in footnote to Table 6. 
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guarded borders, these ratios cannot be regarded as any more 
than suggestive. 

A reasonably safe and comfortably round guess from this evi- 
dence, then, is that the average number of workers employed in 
the labor centers is an approximate representation of the number 
of migratory workers entering and leaving the Union each year. 
How many of these migrants in any year are newly weaned 
from tribal conditions and how many are former wage earners 
returning, there is no evidence at all to determine. Because of 
the unskilled nature of the work performed this is a question 
of small importance to the individual employer, and of no ap- 
parent concern to any other white South African. 


CoNCLUSION 

The labor system of South Africa presents a nice case of what 
might be called the relation of migration to social opportunity. 
If it is the economic development of mining and manufacturing 
that provides the pull attracting workers from tribal reserves 
within the Union and immigrants from beyond the national 
boundaries, it is the network of barriers to social mobility that 
accounts for an almost equal push back to tribal areas and a con- 
stant ebb and flow of unskilled native workers. If this system 
provides a sort of statistical equilibrium it does not follow that it 
produces anything like a stable social equilibrium. Native labor 
migration serves as a bridge between rigid and otherwise incom- 
patible types of social restraint — the caste system and territorial 
segregation. It makes possible the limited use of native labor 
while keeping it out of the way. Yet it is probably impossible to 
bring backward peoples within a money economy without giving 
them material aspirations that go with that economy. As those 
aspirations replace the indirect coercion of taxation and territorial 
restriction, the natives may be expected to protest against their 
limited opportunities. The restraints thus appear to be subject to 
pressure that may lead to their collapse. 
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WEALTH, WELL-BEING AND POPULATION’ 


MONG the recent studies that view with some misgiving the 

slowing growth and imminent decline of Western populations, 
two works by a leading French demographer must take an important 
place. In Richesse er Poputation and Bren-Erre er Poputation Dr. 
Alfred Sauvy attempts to integrate once more the fields of economics 
and demography and to derive from their combination a group of 
principles and policies that will assist in the adjustment to or preven- 
tion of declining numbers. The author is Director of the new French 
National Institute of Demographic Studies, which is a section of the 
Ministry of Public Health in the French Government. The author’s 
position indicates that concern over numbers is now a matter of official 
policy. The studies under review indicate why the author believes the 
concern to be appropriate, if somewhat tardy. 

In Wett-Beinc AND Poputation, the shorter and more informal of 
the two books, Dr. Sauvy begins by posing the two dangers inherent 
in the relations of population to productive capacity: underpopulation 
and overpopulation. As might be expected from that definition of 
the problem, he subscribes to the view that for given circumstances 
there is an appropriate or optimum population. This optimum num- 
ber should be the goal of official policy, both direct and implicit. The 
author is at pains to point out that policy decisions on a wide variety of 
matters are made on the assumption of facts about population growth 
that may be illusory. He shows the extent to which an essentially 
Malthusian view continues to prevail in countries like France which, in 
the author’s view, are faced with the opposite danger. 

*Sauvy, Alfred: Richesse et Population. 2¢ ed. Paris, Payot, Bibliotheque Economique, 


1944, 324 pages; Sauvy, Alfred: Bien-Etre et Population. 2e ed. Paris Edition Sociale 
Francaise, 1945, 229 pages. 
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Successive chapters of Weti-Beinc AND Popu.aTion provide a sort 
of primer of population movements and their relation to economic de- 
velopment. The author reviews the “vital revolution” in Europe, with 
perhaps a slight overestimation of the completeness of the shift to low 
birth rates in Eastern Europe and especially in Russia. A hasty review 
of the growing populations of the remainder of the world, and espe- 
cially of the Orient, completes the perspective in which Dr, Sauvy 
wishes to place the situation of France. There especially he finds a 
network of deliberate and unintentional barriers to population growth, 
representing accumulated economic and political policies that dis- 
courage large families while individual choice and knowledge of con- 
traceptive techniques translate the policies into realities. 

In WEALTH AND Poputation the author approaches the definition of 
population optima in more formal fashion. Here he seeks to relate size 
and growth of population to level of living and the state of the useful 
arts. Dr. Sauvy discusses in some detail the relation of the optimum 
to various states of population growth and age distribution, and to such 
economic conditions as resources, production, trade, elasticity of de- 
mand, and the like. The text is supplemented by numerous graphical 
and mathematical representations of the alleged relationships. In this 
discussion Dr. Sauvy seems to have contributed some greater precision 
to the definition of significant variables without, however, arriving at 
a truly operational definition of the optimum number for particular 
combinations of the variables. The reader misses throughout this discus- 
sion any reference to English or American literature on the subject. 


Differing only in the amount of detail, both books indicate various 
respects in which a fallacious Malthusianism pervades official and 
popular opinion on demographic questions. The author indicates how 
unemployment, housing shortages, concern for population quality, and 
the “economics of abundance” and its counterpart in economic restric- 
tionism (which the author calls “economic Malthusianism”) have been 
used as conscious or implicit arguments against population growth. 
With each of these obstacles to growth the author attempts to show 
either that the argument has no merit or, in some cases, that population 
growth would actually aid solution of the problems. 

Dr. Sauvy’s case for increased population is made on exclusively 
economic grounds; he carefully avoids reference to population as an 
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element in military power. It may be doubted that the French govern- 
ment’s official sponsorship of demographic studies rests so exclusively 
upon considerations of domestic economic welfare, although that wel- 
fare is certainly of some concern in postwar France. The author’s 
position is that in an advanced society with modern technology and 
with ample resources either under domestic control or. obtainable 
through trade, an expanding population aids rather than hinders the 
expansion of production and consumption, the adoption of new tech- 
niques, and even the improvement of genetic quality. The author is 
quick to recognize, however, that what is good for the economy as a 
whole viewed abstractly may be very disadvantageous for most family 
units viewed concretely. The practical policies with which both books 
culminate are designed to make the interests of individual families 
run in the same direction as the interests of the collectivity. Specifically, 
the author proposes a pronatalist policy encompassing benefit payments 
and an entire series of graded reductions in the expense of rearing 
children. This policy he would implement by such economic and fiscal 
policies as appeared necessary, including reduced restrictions on occu- 
pational mobility and on economic production, confiscation of funds 
used neither for production of goods or for production of children, 
loans for the newly married with payments acceptable in children, and 
the like. Some of these policies are now being put into effect in France. 
It is still too early to estimate their effect and, indeed, unless the funda- 
mental probiems of production and trade are solved more satisfactorily 
than now appears evident, it would be unfair to Dr. Sauvy’s program 
to judge it by the results of incomplete and possibly superficial ad- 
herence to it in official policy. 

In both books Dr. Sauvy is somewhat more concerned with exposi- 
tion leading to practical conclusions than with economic demography 
as such. The author’s use of demographic statistics is casual and largely 
undocumented, reflecting perhaps somewhat different scholarly usages 
than those customary in the Anglo-American literature. In neither 
work does the author appear to be concerned with precision of measure- 
ment of population movements. The books should rather be read for 
the able and very literate way in which the author discusses sweeping 
questions of demographic policy and for the way he answers those 
questions in regard to the interesting case of France. 


Wisert E. Moore 
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ALL THESE PEOPLE: THE NATION’S HUMAN 
RESOURCES IN THE SOUTH 


OR over two decades the Institute for Research in Social Science at 

the University of North Carolina has been a beacon of enlightenment 
on social and economic problems of the South. For this, chief credit goes 
to Dr. Howard W. Odum who organized the Institute in 1924. From 
the beginning, Odum’s idea was that of directing the major part of the 
Institute’s research toward regional problems of the South in the hope 
that the multitudinous and complex ills of that region might be better 
understood and approached intelligently. His success in making the 
Institute a national center for regional studies has been due not only to 
his own high qualities of scholarliness and industry but also to his ability 
to attract brilliant colleagues and to instill in them a fervor for work 
akin to his own.’ 

One of Odum’s outstanding coworkers, Rupert B. Vance, has recently 
completed Att Tuesz Pgopie: THE Nation’s Human Resources IN THE 
Soutu. This is Vance’s third major work on problems of the South’ and 
it serves to complement Odum’s SouTHERN REGIONS OF THE UNITED STATES. 
As stated by the author, “This study of the Southern People follows 
Howard W. Odum’s analysis of the resources of society in terms of 
natural ‘wealth’, capital ‘wealth’, technological ‘wealth’, human ‘wealth’, 
and institutional ‘wealth’. The idea has been well put by Lancelot T. 
Hogben in Rerreat From Reason, where he points out that the wealth 
and the welfare of nations depends on (a) the material resources of 
man’s environment, (b) the biological resources of social personnel, and 
(c) the social resources of organization and institutions for mobilizing 
the common will to make the fullest use of the first two.” (pp. 7-8.) 

More specifically, Aut Tuese Peopze is divided into five parts as 
follows: 


Part I. The Dynamics of Population (pp. 1-153). 


*Vance, Rupert B.: Att THese Peopre: THe NaTion’s HumAN RESOURCES IN THE 
Sourn. Chapel Hill, The University of North Carolina Press, 1945, 503 pp. $5.00. 

* For a brief account of the past work of the Institute, see Odum, H. W. and Jocher, 
Katharine (Editors): In SEARCH OF THE REGIONAL BALANCE oF America. Chapel Hill, 
The University of North Carolina Press, 1946, 162 pp. $3.00. 

* The two preceding ones are: 

(a) Vance, Rupert B.: Human Factors tv Corron Currure. Chapel Hill, The 
(Continued on page 424) 











424 The Milbank Memorial Fund Quarterly 


Part II. Population and the Agrarian Economy (pp. 154-247). 

Part III. Population and the Industrial Economy (pp. 248-334). 
Part IV. Cultural Adequacy of the People (pp. 335-465). 

Part V.Social Policy and Regional-National Planning (pp. 466-488). 


The South has long had the dubious distinction of being the Nation’s 
outstanding “seed bed” for future population. But for the high fertility 
of the South the net reproduction rate for the country as a whole would 
be below replacement requirements. Much of this, of course, is due 
simply to the fact that the South is more rural than other regions. If this 
were the only factor in the situation there might be small cause for con- 
cern. However, the “social problem” elements arise from the coincidence 

of high fertility and poverty in the rural South. Families tend to bz largest 
in communities where levels of living are lowest, and where facilities for 
child health and public education are least adequate. Thus, whereas the 
South contributes a disproportionately large share of the Nation’s births, 
it is correspondingly an area where human resources have been sinfully 
neglected and wasted. The author sees this situation not only as a chal- 
lenge to the region but to the Nation as a whole. 

The author gives a well-rounded description of the agrarian economy 
of the South. Like other students of the problem, he holds “that share- 
tenancy as developed in the Cotton Belt is ruinous of both land and 
men. ... The waste of human resources may be made clear by reference 
to the nutritional problems of the tenant family. The land owner, as 
indicated, gets his income from staple cash crops. Unless exceptional, he 
does not devote much of his supervision and financing to seeing that the 
tenant produces the fruits, meats, milk, and vegetables needed to feed 
his family. . . . Moreover the tenants, caught in the staple routine and 
steeped in the need for cash in an economy of book credit, rarely acquires 
the means, the training, or possibly the inclination, to produce an ade- 
quate supply of food or feed crops. ... Measured by the returns to laborers, 
croppers, and share tenants, the South’s agrarian economy represents 
the most uneconomic utilization of a large labor force to be found in 
our country.” (pp. 228-229.) 

Various changes in the traditional agricultural economy of the South 
University of North Carolina Press, 1929, 346 pp. 


(b) : Human Grocrapny oF THE Soutu. Chapel Hill, The 
University of North Carolina Press, 1932, 596 pp. 
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are noted. Industrialization is bringing nearby markets for food and 
dairy products and the A.A.A. program has helped to stimulate diversi- 
fication. Although the outlook for the mechanical cotton picker is still 
somewhat uncertain, other forms of mechanization of agriculture have 
advanced rapidly and have served to dispense with the need for many 
tenant families. If the mechanical cotton picker proves to be feasible, 
far-reaching changes in the agricultural economy of the South may be 
expected, 


In Part III, Vance examines the regional distribution of income, indus- 
try, and unemployment and attempts to ascertain “what would be in- 
volved in a fuller use of material and human resources for the regions 
and the Nation.” As expected, the answer turns out to be more industry 
for the South. In this section the author also draws upon previously 
unpublished case studies of two industrial communities in the South- 
eastern Piedmont, Catawba Valley and High Point, North Carolina, 

The cultural adequacy of the South (Part IV) is discussed chiefly in 
terms of health and education. A series of charts demonstrates that 
southern states fall into the disadvantaged class with respect to number 
of physicians and medical-care beds per unit of population, percentage of 
births attended by physicians, maternal death rates, ratios of stillbirths 
to live births, infant mortality rates, and per capita expenditures for 
public health. Parallel situations are found in data on educational attain- 
ment, school attendance, and annual expenditures per pupil enrolled in 
schools, Both public health and formal education are viewed as purchas- 
able commodities. The author reasonably contends that the Nation has a 
stake in the health and education of the children of the South, for many 
of these children eventually will migrate to distant cities in search of 
employment. “Citizens ill-informed-and prejudiced become the prey of 
demogogues and thus tend to break down the equitable functioning of 
government so necessary for the preservation of the free ballot in a 
democracy.” (p. 445.) 

Although the author makes a strong case for equalization of public 
health and educational opportunity through federal funds, he looks 
beyond the'possibility of federal “hand outs.” He urges a regional develop- 
ment that will enable the South to go under its own steam. “More than 
anything else the future of the Southeast depends upon the development 
of resources and capacities that are as yet largely unrealized. The region 
has natural resources and human resources. Their forms of wealth are 
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primary, but for their development they depend upon the building up of 
technological resources, institutional resources, and capital resources. The 
creation of these secondary forms of wealth, as Howard W. Odum has 
pointed out, are matters of organization, skill, and previous experience. 
This is both an economic and a cultural task in which the Nation is as 
vitally concerned as the region itself.” (p. 476.) 

Space limits prohibit a full and just review of this book. The amount 
of detailed information it contains is suggested by the inclusion of 146 
tables and 281 figures. Many of the figures are base maps of the United 
States showing how the South compares with other regions with respect 
to given conditions, A small number of figures, however, might just as 
well have been omitted since they are rendered illegible by excessive 
reduction. (See Figures 272-274.) 

Since the book required seven years for writing and one for publishing, 
it is not surprising to find some out-dated materials and sentences. Thus 
in two places (pp. 94 and 146) the author mentions the absence of direct 
data for the South on fertility differentials by socio-economic class. Before 
the book was finished, however, National Health Survey materials on 
birth rates by occupation, income, and education were available for the 
South and other regions. Furthermore, by the time Vance’s book was 
published, the Bureau of the Census had released a large mass of differ- 
ential fertility rates by region, education, and rental value of the home, 
based upon the 1949 Census. 

The author has an axe to grind in this book but that axe is concerned 
with the Nation’s human resources in the South. 

Crype V. Kiser 


e * e 
AGRICULTURE IN AN UNSTABLE ECONOMY 


BLIEVING that past studies of agricultural problems like those of in- 
dustrial problems have too commonly assumed that industry and 
agriculiure are separate parts of our economy, Professor Theodore W. 
Schultz of the Department of Agricultural Economics, University of 
Chicago, has written a book, AcricuLturE In AN Unstasie Economy, 


2Schultz, Theodore W.: AGRICULTURE IN AN UnsTaBLe Economy. New York and 
London, McGraw-Hill Book Company, Inc., 1945, 299 pp. $2.75. 
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in which the interdependence of agriculture and industry is repeatedly 
emphasized. He considers the agricultural problem as it stems from the 
' jnterrelationship between agriculture and the rest of our economy and 
offers concrete suggestions for a national agricultural policy. 

According to the author, low earnings and instability of income among 
farm people is due to the unequal growth of supply and demand for farm 
products. Contrary to what Malthus and Mills predicted, the supply of 
farm products has outdistanced the demand for them and this has cul- 
minated in a chronically depressed state for agriculture. Demand has 
increased at a diminished rate, due primarily to the decreasing rate of 
growth of the populations which provide a market for American agri- 
culture, and to the low income elasticity of farm products. The supply, 
on the other hand, has grown faster than demand because of great tech- 
nological advances, increase in capital, and development of new land. 

The forces that are bringing about this disequilibrium were tempo- 
rarily interrupted during the two World Wars but gained momentum 
with the end of each war. Since, the author contends, our economic 
system lacks the balancing mechanism necessary to halt this trend, we 
must evolve a national agricultural policy aimed at correcting the 
maladjustments. 

The author sets forth a long and a short-term policy for correcting the 
imbalances inflicted on agriculture by forces in the rest of the economy. 
His long-term policy is concerned with moving the excess resources, 
primarily labor, out of agriculture in order “to equate the forces and 
counterforces affecting the supply and demand of farm products” (p. 82). 
This process has already been taking place. During 1920-1939 ten million 
people migrated from farms to nonfarm occupations. Large as this num- 
ber appears, it was only a little more than the natural increase of the farm 
population (8.7 millions) and was not sufficient to raise farm incomes to 
a level with those outside of agriculture (p. 98). The average net income 
per worker engaged in agriculture was 53 per cent of that of the indus- 
trial worker in 1920, and only 42 per cent in 1939 (p. 98). This percentage 
Tose to only 62 per cent by 1944 even though the farm population is 
estimated to have decreased by about five millions (or by over 15 per 
cent) between 1940 and 1944. The author cites these figures to show that 
a mass migration out of agriculture is necessary to avoid chronic depres- 
sion in agriculture. He claims that this withdrawal of labor will not be 
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automatically induced by falling farm prices. In fact, since World War I, 
rural-urban migration tended to be lightest during periods of falling 
farm prices because these were periods of dwindling job opportunities 
in cities. Hence, as a primary goal of national agricultural policy, he 
urges constant expansion of nonagricultural industries at a rate higher 
than the expansion of agriculture (p. 202). 

As for “short-term” policy, the author suggests three immediate objec- 
tives: (1) to lessen the instability of farm income; (2) to adjust agricul- 
tural production; and (3) to establish a positive pricing policy. Toward 
accomplishing the first of these aims he suggests several forms of crop 
insurance to reduce income instability caused by production variability, 
and compensatory payments to diminish income instability caused by 
fluctuation in demand. His payment proposal is interesting and can 
bear closer inspection. “There are two requisites to the use of compen- 
satory payment. ... They must be undertaken by the government only in 
the event of a business depression—if they are to be counter cyclical; and 
they must be so paid that they do not cause a disturbance in the trade 
and production of farm products” (p. 222). Professor Schultz proposes 
to pick a “predepression price” for farm products, #.e., the market price 
just prior to the time when a depression in the nonagricultural sectors 
is deemed to have set in, and to pay the farmer all, or a large part, of the 
difference between this price and the current depression market price. 
Some question may arise here as to whether an accurate indicator of 
economic activity can be set up and whether the selection of this “pre- 
depression price” is administratively feasible. The author contends that 
this plan, with all its difficulties, is superior to other proposed alternatives. 

The author also holds that prices could be made the means for adjust- 
ing agricultural production, and for better allocation of resources. He 
thinks that prices should not be set up as goals to be achieved, as-they are 
in present legislation; nor should they be tied to some long-past situation 
such as the parity prices based upon 1910-1914 levels. The author gives 
three aims for a future price policy for agriculture: (1) stabilize general 
level of prices because “farmers are peculiarly vulnerable to price move- 
ments”; (2) close the gap between domestic and foreign prices; and (3) 
set up a system of “forward prices.” 

As for the latter, the author advocates conversion of the “support 
prices” (established during the war) into “forward prices” (p. 265). 
“Such forward prices should present each farmer, as he proceeds with 
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his production operations, with a schedule of relative prices for at least 
one production period ahead, considerably more dependable than here- 
tofore. As this is accomplished, it would increase the ability of farmers 
to allocate and use the resources at their disposal much more efficiently. 
It would also reduce very appreciably the price uncertainty burdening 
American farmers” (p. 271). 

This price regulation proposal may bring doubt to some students’ 
minds about the future role of competition in agriculture. At least in 
principle, however, most will agree that “the need is great for policies 
serving American agriculture that are consistent and integrated with our 
other national policies.” 


Priscitta M, AFFEL 
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